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Statement of Disclaimer 
 
Since this project is a result of a class assignment, it has been graded and accepted as 
fulfillment of the course requirements.  Acceptance does not imply technical accuracy or 
reliability.  Any use of information in this report is done at the risk of the user.  These risks 
may include catastrophic failure of the device or infringement of patent or copyright laws.  
California Polytechnic State University at San Luis Obispo and its staff cannot be held liable 
for any use or misuse of the project.    
4 
 
Table of Contents 
Statement of Disclaimer .................................................................................................................. 3 
List of Tables .................................................................................................................................. 6 
List of Figures ................................................................................................................................. 7 
Executive Summary ........................................................................................................................ 9 
CHAPTER 1 INTRODUCTION ............................................................................................... 10 
Sponsor Background and Need ..................................................................................................... 10 
Formal Problem Definition ........................................................................................................... 10 
Objective Development ................................................................................................................ 10 
CHAPTER 2 BACKGROUND ................................................................................................. 13 
Existing Products .......................................................................................................................... 13 
Specific Technical Data ................................................................................................................ 18 
Applicable ADA Requirements .................................................................................................... 19 
CHAPTER 3 DESIGN DEVELOPMENT ................................................................................ 21 
Concept Selection ......................................................................................................................... 21 
Preliminary Analysis ..................................................................................................................... 26 
PVC Strider ................................................................................................................................... 29 
CHAPTER 4 DESCRIPTION OF THE FINAL DESIGN........................................................ 31 
Overall Description/Layout .......................................................................................................... 31 
Detailed Design Description ......................................................................................................... 32 
Analysis Results ............................................................................................................................ 44 
Cost Analysis ................................................................................................................................ 47 
Material, Geometry Selection ....................................................................................................... 49 
Safety Considerations ................................................................................................................... 50 
Maintenance and Repair Considerations ...................................................................................... 50 
Special Procedures ........................................................................................................................ 50 
CHAPTER 5 PRODUCT REALIZATION............................................................................... 51 
CHAPTER 6 DESIGN VERIFICATION PLAN ...................................................................... 64 
Test Descriptions .......................................................................................................................... 64 
Project Management ..................................................................................................................... 67 
CHAPTER 8 CONCLUSION....................................................................................................... 70 
5 
 
Conclusions and Recommendations ............................................................................................. 70 
CHAPTER 9 APPENDICES ..................................................................................................... 71 
Appendix A - References .............................................................................................................. 71 
Appendix B - QFD ........................................................................................................................ 72 
Appendix C – List of Vendors ...................................................................................................... 73 
Appendix D – DVP&R ................................................................................................................. 74 
Appendix E - Gantt Chart ............................................................................................................. 75 
Appendix F – Buckling/Bending Analysis ................................................................................... 76 
Appendix G – Transfer Seat Analysis .......................................................................................... 87 
Appendix H – Chest Pad Analysis ................................................................................................ 90 
Appendix I – Solidworks Drawings .............................................................................................. 92 
 
 
 
  
6 
 
List of Tables 
Table 1. Engineering Design Requirements............................................................................................. 18 
Table 2. Component Selection ....................................................................................................................... 25 
Table 3. Justification for Components Selected ...................................................................................... 26 
Table 4. Values of the minimum lengths of the Strider bases on different hill slopes ............ 27 
Table 5. Minimum width of the Strider required to avoid tipping over various slopes. ........ 28 
Table 6. Accelerations achieved when climbing an incline. .............................................................. 29 
Table 7. Properties of 6061-T6 aluminum. (Source: www.asm.matweb.com) .......................... 45 
Table 8 Complete cost breakdown .............................................................................................................. 48 
Table 9. Testing information. ........................................................................................................................ 64 
Table 10. Pull Test Results.............................................................................................................................. 66 
Table 11. Roles and Responsibilities .......................................................................................................... 68 
 
 
 
 
 
 
  
7 
 
List of Figures 
 
Figure 1. The EasyStand Evolv in the seated (left) and upright position. .................................... 13 
Figure 2. The GlideCycle GlideTrak. ............................................................................................................ 14 
Figure 3. The LifeStand Helium in the upright position. Source: 
http://www.rehadat.de/rehadat/Reha.KHS?Db=0&State=340&GIX=IW/122203.043 ....... 14 
Figure 4. The GlideCycle PT Pro. .................................................................................................................. 15 
Figure 5. The original Strider. The left photo shows the backward tipping prevention 
mechanism and the right photo is a photo of the back of the device. ............................................ 16 
Figure 6. The Rifton Pacer Gait ..................................................................................................................... 17 
Figure 7. The LiteGait Mobility Device ....................................................................................................... 17 
Figure 8. Maximum slope allowed under ADA. (Section 405) .......................................................... 19 
Figure 9. Minimum width of doorway allowed under ADA. (Section 404) ................................. 20 
Figure 10. Minimum T-shaped turning space. (Section 304) ........................................................... 20 
Figure 11.  Post It Brainstorming Session ................................................................................................ 21 
Figure 12. Concept Model 1 - Suspended Seat ........................................................................................ 22 
Figure 13. Concept Model 2 - Rigid Seat .................................................................................................... 22 
Figure 14. Concept Model 3 - Overhead Design ..................................................................................... 23 
Figure 15. A free body diagram of the length dimension analysis when the Strider is going 
downhill. ................................................................................................................................................................ 27 
Figure 16. The free body diagram used for sideways tipping analysis. ........................................ 28 
Figure 17. John pulling up to the PVC Strider for testing. .................................................................. 30 
Figure 18. Front view (left) and rear view (right) of the finished Strider ................................... 31 
Figure 19. Two types of suspended harnesses, a safety harness (left) and a climbing 
harness (right). ................................................................................................................................................... 32 
Figure 20. The placement of the eyebolt used to attach the harness to the frame ................... 33 
Figure 21. The transfer seat in its lowered (left) and raised position (right). ........................... 33 
Figure 22. Side view of the seat showing the base bar, the bolt plate, and the cushion ......... 34 
Figure 23. Shows the pipe hanger that attaches the seat to the frame.  Also shows the 
locking pin and L-bracket ............................................................................................................................... 34 
Figure 24. Strider chest support mounted on swinging arms .......................................................... 35 
Figure 25. A seat from the Hugo rolling walker will be used as padding for chest support. 35 
Figure 26. View of chest support shows both horizontal and vertical telescoping members 
with adjustment holes. ..................................................................................................................................... 36 
Figure 27. Strider with arms open in entering configuration. The left side is free of 
obstruction for easy access to the Strider. ............................................................................................... 36 
Figure 28. Push button pin used to secure arms in closed position.  Image from 
http://www.mcmaster.com/#pins/=av6qbi .......................................................................................... 37 
Figure 29. Hugo® wheels.  Front caster (left) and the fixed rear wheel (right) ....................... 39 
8 
 
Figure 30. One of the front wheels with the attached sleeve. ........................................................... 39 
Figure 31. Shows the rear wheels with the height adjustment holes and quick release pins
 ................................................................................................................................................................................... 40 
Figure 32. Hugo brake shoe and fixture (left) and the hand brake (right) .................................. 41 
Figure 33. The Strider brakes on the handgrips of the armrest ...................................................... 41 
Figure 34. Armrest consists of an arm trough, hand grip, and mounting bracket. ................... 42 
Figure 35. Shows the armrest in their furthest back position .......................................................... 42 
Figure 36. Elbows used for the lower teir. ............................................................................................... 43 
Figure 37. Buckling force analysis schematic (worst-case loading) .............................................. 44 
Figure 39. Bending force analysis schematic (Worst-case loading). ............................................. 45 
Figure 40. Expanded View Showing Elbow Inserts .............................................................................. 51 
Figure 41. Hand Grip Frame Section........................................................................................................... 52 
Figure 42. Using the mill to drill holes for inserts. ................................................................................ 53 
Figure 43. Basic frame of the Strider completed with the wheels. ................................................. 53 
Figure 44. Original Wheels from the HUGO Walker. ............................................................................ 54 
Figure 45. Attaching new loner leg posts to wheels. ............................................................................ 54 
Figure 46. Manufacturing of wheel adjustment holes. ........................................................................ 55 
Figure 47. Height Adjustment Pin. .............................................................................................................. 55 
Figure 48. Completed Torso Support ......................................................................................................... 56 
Figure 49. Torso Support Adjustment Arms. .......................................................................................... 56 
Figure 50. Torso Support Mounting Hinge. ............................................................................................. 56 
Figure 51. Torso Support Hinge Mounted to Frame ............................................................................ 57 
Figure 52. Underside of Swing Seat ............................................................................................................ 58 
Figure 53. Pressed in star nut ....................................................................................................................... 58 
Figure 54. Right Side of Swing Seat Assembly ........................................................................................ 59 
Figure 55. Top of Swing Seat Arm ............................................................................................................... 59 
Figure 56. L Bracket for Locking Swing Seat ........................................................................................... 60 
Figure 57. Swing Seat Locking Mechanism .............................................................................................. 60 
Figure 58. : Arm rest mounting (side view).                 Figure 59. : Arm rest mounting (front 
view) ....................................................................................................................................................................... 61 
Figure 60. Brake handle mounting. ............................................................................................................. 61 
Figure 61. Eye Bolt Positions ......................................................................................................................... 62 
Figure 62. Cutting Off Extra Bolt Lengths ................................................................................................. 62 
Figure 63. Lanyard for Quick Release Pin ................................................................................................ 63 
  
9 
 
Executive Summary 
The goal of the Strider project was to create a mobility device that would support a person 
with weakened leg strength and allow them to push the device around with their legs and 
build more leg strength.  There are many health benefits to standing and the Strider was 
intended to help a person with a disability experience these benefits. The Strider is a fully 
independent device that the user can get into and maneuver without assistance.  The device 
is also safe, highly maneuverable, and complies with all ADA standards and requirements.   
The design is built around a frame that supports the user.  A lowered push-off bar allows 
the user to push out of his wheel chair and the frame supports the user’s weight.  The user 
then uses the transfer seat to get into the device.  The transfer seat locks in the downward 
position so the user can sit in it while getting into the harness.  Once the harness is 
attached, the transfer seat can be unlocked and swung back out of the way and the torso 
support system then is closed. At this point the harness supports the majority of the user’s 
weight and the user can now move the device around with his legs. 
Testing showed that a user can get into the device without help.  However, the process is 
much more involved than originally believed, but with practice our user can learn how to 
transfer easily.  The device moves very well for a person who is used to controlling their 
legs.  However, for a person with less practice, accurately steering the Strider is a little 
trickier. 
Overall, the Strider fulfills the goals of the project.  The user can get into the device and 
maneuver it around.  The device also gives the user a workout.  Future projects that are 
similar might want to look for alternative wheels that can provide better traction on 
smooth surfaces.  This is especially important when the user is getting into the device and 
the brakes are on.  As of now, the device slips a little on smooth floors while the user is 
getting into it.  Lastly, having more adjustable arm rests would be beneficial. 
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CHAPTER 1 INTRODUCTION 
Sponsor Background and Need 
The Adult Strider is a project to research, design, and build an adult size mobility aid for 
our client, John Lee. The goal of the Strider is to suspend John Lee in a standing position 
and allow him to use his legs to walk in an effort to improve his leg strength. The critical 
goals are for the device to be functional, safe, transportable, and maneuverable, allowing 
John Lee to use the device comfortably in a variety of locations such as a home or office 
setting. There are many health benefits and advantages of being in a standing position for 
at least part of the day, and the Strider will allow John to experience these benefits.  The 
project has funding from the National Science Foundation with a grant secured in 2008. 
Professor Kevin Taylor will be the grant advisor for the project and will make sure we are 
fulfilling the goals of the grant. Also, Kevin Taylor has two Kinesiology students working 
with us as they complete their senior project. Their objective is to use their knowledge 
from courses such as Adapted Physical Activity to consult the project.  
Formal Problem Definition 
The goal of this project is to support the user in a standing position and allow him to move 
around by using his legs.  The Strider must allow the user complete independence from any 
assistance.  With this requirement in mind, it is crucial that the final product allows the 
user to transfer from a wheelchair to the Strider without any help.   The user must also be 
able to independently maneuver the Strider around under the user’s own power. 
 
In addition to being used independently, the Strider must be safe, must not tip over when 
encountering slopes, ramps, or unusual terrain, and must be equipped with brakes to 
ensure safe transfer.  Additionally, it is important for the Strider to be highly maneuverable 
to ensure mobility through any door or hallway. 
Objective Development 
The Strider will allow the user to stand and walk comfortably for a few hours. For people 
who are restricted to a wheelchair for mobility, standing has many health benefits. Passive 
standing alone has the benefit of preventing pressure ulcers and improving circulation. 
Meanwhile, bearing weight on the legs increases lower body muscle and bone strength. 
Walking increases muscle strength, promotes joint mobility, and allows for a mild 
cardiovascular workout. Standing also has the benefit of allowing easier eye-to-eye contact 
and easier access to devices designed for access in a standing position. Our device can help 
people of various disabilities, however it is limited to people who have at least some 
control over their legs. People with spinal cord injuries located in or above the lumbar 
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region may not be able to use the Strider because this region of the spinal cord controls 
most the leg muscles such as the thighs, knees, and hamstrings 
(http://en.wikipedia.org/wiki/Spinal_cord_injury). 
In addition to helping people rehabilitate from serious injuries, this device can also help 
with conditions such as Muscular Dystrophy, Muscular Atrophy, Cerebral Palsy, traumatic 
brain injuries, and other conditions that affect strength in the legs. 
 
In order to have a successful product we had to perform research and collaborate with our 
client to create a list of user requirements that we must fulfill. With the help of the 
Kinesiology team and our customer John Lee, we were able to create the following list of 
user requirements in order of importance. 
 Independent use by user 
 Safety 
 High mobility 
 Weight bearing adjustable 
 Adjustable for different users 
 Comfortable use for 2-3 hours 
 Light, quality materials 
 Transportable by van 
 Low maintenance  
 Little to no assembly 
 Aesthetically pleasing 
 
Independent use is one of the most important requirements as we want John to be able to 
use the Strider at home without the need of assistance. This would allow John to use the 
device at his own convenience and not at the convenience of others. 
 
Safety is of course another very important requirement. We analyzed the structural 
integrity of the device and used factors of safety to ensure that the device has a long 
lifespan and also to ensure that it does not fail in any way that would cause injury to the 
user. 
 
The Strider must also be highly mobile. We want John to be able to maneuver through any 
doorway or hallway he may encounter. 
 
The Strider must also have the ability to vary the amount of the user’s weight bearing on 
their legs. We expect that John will start out with the device bearing most of his weight, 
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then after building more strength in his legs adjust the Strider so that it bears less of John’s 
weight. 
 
Another goal was to allow the Strider to be adjustable in height so that users with different 
heights can use the device. Our number one priority is that John can use the device, but we 
want to allow for height adjustability as long as it does not compromise the effectiveness of 
the device. 
 
Comfort is another concern for us. It may be limited to the types of suspension systems that 
are available to us, but we will strive to make it as comfortable as possible. 
 
Utilizing light materials that are also strong is something else we need to keep in mind 
during our material selection. We want the device to be light enough so that John can easily 
move around, but we also must use strong enough materials that it will not fail during use. 
 
The Strider will be designed so that it can fit inside John’s minivan. This is important 
because it enables John to actually take home the device, but allows him to transport the 
device to any other location in the future. 
 
Having little to no assembly is something else we can do to minimize factors that could hold 
back John. There will be some assembly required in adjusting the height as well as the chest 
pad, but these should require minimal effort and time. Low maintenance is important so 
that we can minimize the factors that could prevent John from effectively using the device. 
Lastly, we want the device to be aesthetically pleasing. We don’t want a monstrous device, 
but instead an inviting device that does not intimidate or discourage the user. 
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CHAPTER 2 BACKGROUND 
 
Existing Products 
The Strider standing mobility aid allows the mobility of a wheelchair but is powered by the 
user’s legs in a standing position. In order to design a mobility aid that could compete with 
products already in use, we performed research to determine the shortfalls and benefits of 
existing products.   
 
Standers allow users to transfer from sitting to standing position. They are generally not 
designed for the user to move around under his/her own power.  Standers allow the user 
to gain the health benefits of passive standing rather than allowing the user to partake in 
mobile activities.  The EasyStand Evolv (Figure 1) is an example of a stander and utilizes a 
hand powered hydraulic actuator to attain a standing position. Leg and chest supports 
provide stability for the user during the lift and while in the standing position. The Evolv 
comes in a stationary model, but also a mobile model where the user can propel the device 
by turning hand wheels attached to driving wheels through a chain and sprocket. The Evolv 
also has optional features such as oversized seats, and swing away sides to simplify 
transferring to the Evolv. 
 
 
Figure 1. The EasyStand Evolv in the seated (left) and upright position.  
Source: http://www.abilityadvantage.com/PowerStandingChairs.html 
 
Another stander-type device is the GlideCycle GlideTrak (Figure 2). This device suspends 
the user to facilitate low impact running on a treadmill. The frame fits over a treadmill and 
the suspended seat supports the user’s entire weight. The device is completely immobile 
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but allows full use of the legs. The GlideTrak is not designed to be used independently by 
someone with difficulty standing unassisted because transferring to it is involved. 
 
 
Figure 2. The GlideCycle GlideTrak.  
Source: http://glidecycle.com/ 
 
The Permobil LifeStand Helium shown in Figure 3 converts from a sitting to standing 
position. The user must be able to support most of their body weight on their legs since 
there is only lateral support for users in the standing position. This is a good device for 
passive standing because the user must support their weight.  However, they cannot move 
while in the standing position.  
 
 
Figure 3. The LifeStand Helium in the upright position. Source: 
http://www.rehadat.de/rehadat/Reha.KHS?Db=0&State=340&GIX=IW/122203.043 
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The GlideCycle PT Pro (Figure 4) is a two-wheeled exercise device similar to a bicycle. The 
user sits in a seat suspended from a u-shaped frame between the two wheels. The device is 
propelled by the legs and requires leg motor control to maintain balance while using the 
device.  Since the device is two wheeled it is difficult to set up autonomously by a person 
with limited use of their legs.   
 
This device is designed mainly for outdoor recreational use and would be unsuited for 
indoor, everyday use.  The long wheelbase makes maneuvering in tight areas impossible.  
Additionally, the user would be unable to reach objects in front of them because they are 
blocked by the front support.      
 
 
 
Figure 4. The GlideCycle PT Pro. 
Source: http://glidecycle.com/ 
Figure 5 shows the original Child Strider Project. This device used two caster wheels in the 
front and two fixed wheels in the back.  The device has a single vertical beam that is placed 
behind the user, and springs attached to a carriage ideally allow for the user to bounce.  
Unfortunately, this Strider was over designed.  The device was too heavy for the user and 
the springs were too stiff and prevented bouncing.  Additionally, there was an issue with 
the collar binding on the beam. The project also did not integrate the harness and frame 
together well.   
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Figure 5. The original Strider. The left photo shows the backward tipping prevention mechanism and the right 
photo is a photo of the back of the device. 
 
Various products offer standing options to people with disabilities. As discussed before, 
devices made by Easystand, Glidecycle, and Lifestand allow users to stand or even run, 
however none of these products fill our user requirements.  The Easystand and Lifestand 
do not offer the user a lot of independence because they cannot move under their own 
power.  Meanwhile, the Glidecycle offers great mobility, but is only practical for outdoor 
exercise. The Strider would offer the user complete independence and be very mobile.   
 
GlideCycle sells bicycle-like products that support the rider as they push it around with 
their legs.  This is a highly mobile and independent device.  However, because it only has 
two wheels it is not stable and would not be a good device for indoor activities.  The Strider 
will be mobile and more stable.  Our last product, the Rifton Pacer Gait, fulfills more of our 
user requirements than any of the other existing products. 
 
The Rifton Pacer Gait, Figure 5, is a very well designed mobility aid and is the best we have 
found through our research. As a result we have designated it as the current state of the art. 
The Pacer Gait allows leg propulsion by the user and utilizes four caster wheels to provide 
maximum mobility. Custom brakes are integrated into the wheel design and are activated 
through a lever by the right hand. Arm rests and torso supports effectively aid the user in 
attaining more leverage while the harness provides hip support. Lastly, the device is very 
lightweight as it is made out of aluminum and the open front allows the user to interact 
with others face to face.  Unfortunately, the device is too wide to fit through a door and 
does not provide a transfer seat for the user. 
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Figure 6. The Rifton Pacer Gait 
Source: http://www.rifton.com 
 
As a side note to the reader, we did find another existing product, but not until we were 
almost done constructing the Strider. We have included it because it looks to be a well-
designed product. The device is the LiteGait Mobility Device and it utilizes a hydraulic lift to 
lift the user from their arms while their arms are tucked tightly against their body. The 
device looks to be simple in its structure but effective. 
 
 
Figure 7. The LiteGait Mobility Device 
Source: http://www.litegait.com 
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Specific Technical Data 
To analyze the importance of various engineering requirements that will be met in the final 
product, the quality function deployment (QFD) method was used.  QFD takes the 
customers’ requirements and rates them on importance to the customer.   Quantitative 
engineering requirements are developed based on background research.  They are then 
compared to the customers’ requirements based on how they correlate with each 
other.  The more customer requirements that an engineering requirement correlates highly 
with, the higher it will score. The QFD table will then weight the engineering requirements 
and determine which are the most important.  The results from this method must also be 
analyzed because sometimes the results do not make sense.  This occurs because either a 
requirement is missing or because it is based mainly on something that is hard to quantify.   
 
 
The following table of design specifications was created from the QFD (see Appendix 
B).  From the QFD analysis, any engineering requirement that rated from 11-6.5 was given 
a high priority. Requirements that rated from 6.5-5 received a medium priority and less 
than 5 was a low priority. The one exception was turning radius.  It rated a low priority, 
however, it is directly related to high mobility, which is one of the main customer 
requirements.  Turning radius is also dependent on the length and width of the Strider 
which both are high priority parameters.  Therefore, it was also given a high priority.  The 
compliance column determines how a specific parameter will be verified.  The compliance 
methods are analysis (A), testing (T), similarity to existing designs (S), and inspection (I).  
 
Table 1. Engineering Design Requirements 
Design 
Specifications 
     
Spec. # Parameter Description Target Tolerance Priority   Compliance 
1 Weight 100 lbs Max H A, I 
2 Length 3.5 ft Max H A, I 
3 Width 30 in Max H A, I 
4 Height 6.5 ft Max H A, I 
5 Rated Weight 300 lbs Max M A 
6 Height Adjustability 6 in Max H I 
7 Climb incline angle 
25 
degrees Max H A, T 
8 Ground Clearance 5 in Min H A, I 
9 Turning Radius 30 in Min H T 
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10 
Force Required to Move 
Device 50 lbf Max H A, I 
11 Maintenance Intervals 1 per year Max L S 
12 Product Cost $1,500 Max L S, 
13 Time to Transfer 5 min Max M T, I 
14 
Weight Supported by 
Strider  50-100% Range H A, S 
 
 
 
The QFD analysis shows that the length, width, climb incline angle, ground clearance, and 
force required to use feet are the highest priorities.  This makes sense because they 
correspond strongly to the main customer requirements.  All of these affect the 
maneuverability of the Strider.  The length, width, and incline angle will determine if the 
Strider can tip over.    
 
Applicable ADA Requirements 
A very important piece of legislation that we must consider when designing our device is 
the Americans with Disabilities Act (ADA) which can be found at the following link: 
http://www.ada.gov/2010ADAstandards_index.htm. The regulations set forth by this act 
will give us restraints that we must design for. Several regulations directly affect the 
development of the Strider. 
 
One regulation requires that ramps cannot have a slope steeper than 1:12 or 8.3% (Section 
405). When performing tipping analysis we will choose a slope of at least 15%, as the user 
might encounter steeper slopes. This regulation will affect the dimensions of the Strider. 
 
Figure 8. Maximum slope allowed under ADA. (Section 405) 
The ADA also requires doorways to have a width of at least 32 inches (Section 404). In 
compliance with this we will design our device to have a width of 30 inches. This gives a 
minimum clearance of 2 inches.   
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Figure 9. Minimum width of doorway allowed under ADA. (Section 404) 
 
Another consideration is that hallways are required to be 36 inches wide with a “turning 
space” of 60 inches through 90 degree turns (Section 304). We must check to make sure 
that our device can maneuver through these dimensions. 
 
 
Figure 10. Minimum T-shaped turning space. (Section 304) 
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CHAPTER 3 DESIGN DEVELOPMENT 
Concept Selection 
After having all of the requirements and functions of the Strider clearly stated, we started 
brainstorming for the design of the Strider. We began with a Post-It brainstorming session 
(Figure 11). This session involved having categories for design elements laid out and 
putting up sketches or descriptions under each category on how to solve that particular 
design feature. 
 
Figure 11.  Post It Brainstorming Session 
After the initial brainstorming session, we separated and did brainstorming on our own 
before coming back together and presenting any new or modified ideas that we came up 
with during that time. After the second meeting, we did more individual brainstorming and 
then performed another group brainstorming session where we chose our top three 
designs.   
Once we had those three design ideas, it was time to create models and show them to our 
advisor, Dr. Self, our peers in class, and most importantly, to John to get everyone’s input 
before moving on to select a final design. 
Below are descriptions of the three models. 
Our first concept was a suspended seat type Strider.  It was constructed with a wood frame 
and had a suspended seat that hung by an old bike tire tube (Figure 12).  The model 
showed how the arm rests and hand grips could be placed and utilized four caster wheels 
which provide excellent mobility. The user transfers to the Strider from the rear.   
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Figure 12. Concept Model 1 - Suspended Seat 
This model was used to demonstrate our idea of having a suspended seat instead of a 
harness system that John would be placed in. This would give John more freedom and 
comfort than a rigid seat. The problem we discovered after making this model was that it 
would be difficult to transfer into the Strider because the suspended seat required all four 
straps to be attached to give support. 
Our second concept model demonstrates a rigid seat (Figure 13).  This design solved the 
problem of transferring into and out of the Strider. This is done by a permanent seat that 
has an extra wheel with a post directly underneath. This prototype offers handgrips but 
also a chest pad for John to lean on, which he liked. 
 
Figure 13. Concept Model 2 - Rigid Seat 
The problem with this design is comfort while in use. Unless we implemented a shock 
system on the seat post, every bump would be transferred directly to John. The other 
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problem is that the permanent seat does not support walking very comfortably. It would be 
similar to walking on a bike, which would get uncomfortable very quickly.  
Our last concept is an overhead design (Figure 14), which was very different than the first 
two. This design would suspend John from above and from the sides. Additionally, hand 
rails were added with the option to attach hand grips at the end. 
 
Figure 14. Concept Model 3 - Overhead Design 
We selected it as an option mostly because of the difference from the first two. There were 
several factors that deterred us from wanting to pursue this design further. The main ones 
are the overall height required, transferring in and out of the device, and stability. The 
height would raise the center of gravity, causing it to be unstable during transfer and while 
moving. The good thing about presenting this design is that it helps everyone look at 
another option and think outside the box while analyzing our other designs. 
After getting feedback on our concept models, we went back to brainstorming and 
optimizing our design. We decided to combine the first two models into a final design that 
we felt could work well and would satisfy all the goals of the project. We then had to design 
the components that would make up the final design.  Below is a description of those 
components and their alternatives that had to be chosen. 
● Support during use: The seat or harness that will support John in a standing position 
while he is walking around in the device. There can be a suspended seat that John 
would sit on, or we can implement a harness that would wrap around and give more 
support. 
● Transfer seat: A seat that will allow John to sit down in the device and rest while 
attaching a suspended seat or putting the harness on and attaching it to the device. 
A swing seat is the first alternative and it would resemble a bench that can swing 
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down for getting in or out. It would then swing up towards the back of the device 
while the device is in use. A cantilever beam is a single beam that would extend from 
the opposite side from which John gets into the device. It too would swing out of the 
way while John is using the device.  
● Wheels: The Strider can have all four caster wheels that can rotate freely, or it can 
have two free wheels and two that are fixed that can be used to implement a hand 
brake system. 
● Loading position: John can get into the device from either the front or the back. If he 
gets in from the back, then a Swing Seat is not a feasible option for a transfer seat.  
● Torso support: Support from the frame to the body of the user. This can either be 
straps that go around John’s body, or a chest pad that is directly attached to the 
Strider that John can use to rest against and even transfer force. 
 
Table 3 shows how we chose the main components of the Strider. We started with all of the 
components for which we had multiple solutions. Then we ranked each alternative relative 
to each other with respect to how well it satisfies the particular design criteria. A ranking of 
three is the best solution, a two is the second best solution and a one signifies the worst 
solution for that criteria. A zero signifies that the criterion does not apply to the 
component. Then using the sum of all the rankings we can get an overall effectiveness of 
each alternative with respect to each other. 
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Table 2. Component Selection 
 Component 
 Support During Use  Transfer Seat Wheels 
Loading 
Position 
Torso 
Support 
Criteria Suspended  Harness   Rigid   Cantilever   Swing   
4 
Casters     
2 
Casters&  
2 Fixed 
Front Rear   Rigid Strap   
Independent 
use 
2 1 3 2 1 1 2 2 1 2 1 
Safety 2 3 1 1 2 1 2 2 1 2 1 
High 
Mobility 
2 2 1 0 0 2 1 0 0 2 1 
Weight 
Bearing 
Adjustability 
2 2 1 0 0 0 0 0 0 0 0 
Adjustable  
for Different 
Users 
2 3 1 0 0 0 0 0 0 2 1 
Comfortable 
Use for 2-3 
Hours 
1 2 1 0 0 0 0 0 0 2 1 
Suspension 2 2 1 0 0 0 0 0 0 0 0 
Low 
Maintenance 
1 1 2 0 0 0 0 0 0 0 0 
Little to No 
Assembly 
1 1 2 0 0 0 0 0 0 0 0 
Light 2 2 1 1 2 0 0 0 0 0 0 
Sum 17 19 14 4 5 4 5 4 2 10 5 
 
From the table above, we can see that some decisions were more clear than others (e.g., the 
rigid torso support is superior to a strapped on torso support in almost every criteria). 
However, some of the alternatives such as the harness and the suspended seat are not so 
easily chosen.  
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Summarized below in Table 3 are the alternatives that we have selected and our reasoning 
for each choice. 
Table 3. Justification for Components Selected 
Concept 
Alternative 
Chosen 
Justification 
Support 
During 
Use 
Harness 
system 
This alternative was chosen mostly on safety, adjustability, and comfort 
(after we found a very comfortable harness with more research). 
Transfer 
Seat 
Swing Seat 
Safer and lighter than a cantilever beam. Adds weight to the device but 
allows the Strider to be used independently. While using the Strider, the 
Swing Seat is locked towards the back of the device and acts as a back 
rest.  
Wheels 
2 Casters 
and 2 Fixed 
Allows for hand brakes that add to safety of device. Doesn’t diminish 
mobility very much. 
Loading 
Position 
Front 
Allows for a swing seat and a less intimidating, open front end of the 
device. 
Torso 
Support 
Rigid 
More support, and can be used to transfer forces from the body to the 
device, and is more comfortable and easier to use. 
 
Preliminary Analysis 
Preliminary analysis was performed to determine some of the initial dimensions of the 
Strider.  All of this analysis was based on initial estimates.  We had to estimate the height of 
the user’s CG as well as the CG of the conceptual Strider.   The assumption was made that 
the mass of the Strider was small compared to the user’s mass.  Because of this assumption, 
the estimated height of the user’s CG was used as the CG in the analysis. The height of the 
center of gravity was estimated to be about 3.29 feet.  The height of the applied force was 
estimated to be 4.16 feet. 
Initial analysis includes finding the minimum dimensions to prevent tipping either 
backwards or forwards when going up a slope.  The figure below shows the free body 
diagram of the model used to do the analysis. 
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Figure 15. A free body diagram of the length dimension analysis when the Strider is going downhill.  
Alpha is a parameter that determines the location of the center of gravity (CG).  It was 
varied between 30% and 70% of the overall length.  An alpha of 30% represents a model 
with a CG toward the front and 70% represents a CG toward the rear of the Strider.  By 
varying the location of the center of gravity, we were able to find lengths and an optimum 
CG location.  However, by moving the CG, it becomes more resistant to tipping in one 
direction and more prone to tipping in the other direction.  For example, a CG toward the 
back is more resistant to tipping over the front wheels when facing downhill, but more 
prone to tipping backwards when going uphill.  So we have decided to place the CG as close 
to the middle of the wheelbase as possible. Table 4 shows that the Strider of a reasonable 
length would be able to safely go up a 20° slope. 
Table 4. Values of the minimum lengths of the Strider bases on different hill slopes 
theta 
[degrees] 
Length 
[in] 
0 0 
5 6.929 
10 13.97 
15 21.22 
20 28.83 
25 36.93 
30 45.73 
35 55.46 
40 66.46 
45 79.2 
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A device that exceeds a length of 36 inches would be awkward.  To keep the length 
manageable as well as ADA compliant, the length will be 30 inches. 
A similar analysis was performed to determine the minimum width of the Strider.  The 
figure below shows how the analysis for tipping sideways was performed.   
 
Figure 16. The free body diagram used for sideways tipping analysis. 
The Strider will have a width of 29.75 inches.  Table 5 shows the results from the tipping 
analysis.  The Strider would be able to traverse across a 20 degree slope without any 
difficulty.  
Table 5. Minimum width of the Strider required to avoid tipping over various slopes. 
Theta 
[degrees] 
Width 
[in] 
0 0 
5 6.92 
10 13.97 
15 21.22 
20 28.83 
25 36.93 
30 45.73 
35 55.46 
40 66.46 
45 79.20 
 
A force analysis was also performed to ensure that the user would have enough force to 
push the Strider up a slope.  Assuming that the Strider would support 90% of the user’s 
mass and that they could use some of their body weight to push into the chest support, and 
that the user would be able to apply at least a 50 lbf force to the chest pad, the following 
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table was created. Table 6 shows the slopes of hills the user would be able to climb based 
on the above assumptions.  From the table, the user could climb a hill that has an incline of 
up to 10 degrees. This is a shallow rise but is larger than the ADA’s requirements for ramps. 
 
Table 6. Accelerations achieved when climbing an incline. 
Acceleration  
[ft/s/s] 
Theta 
[degrees] 
6.225 0 
3.421 5 
0.6412 10 
-2.092 15 
-4.759 20 
-7.338 25 
-9.81 30 
-12.16 35 
 
PVC Strider 
During the concept selection, we constructed a full scale model so that we could get an idea 
of the heights of various components (Figure 17). Using PVC plastic piping, we built a 1:1 
scale of the Strider and performed testing with John to see which heights were the most 
comfortable for him. We drilled height adjustment holes at increments of one inch to allow 
a height adjustability of 10 inches. This testing gave us a preferred height of 44.5 inches for 
the top horizontal bar, 33.5 inches for the rest seat, and 27-31 inches for the seat. 
Additionally, the PVC Prototype revealed clearance issues we had not seen. We discovered 
that the height of the lower horizontal in the back of the device had to be high enough so 
that it would not hit the back of the user’s legs as he walked. 
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Figure 17. John pulling up to the PVC Strider for testing. 
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CHAPTER 4 DESCRIPTION OF THE FINAL DESIGN 
Overall Description/Layout 
The final concept features a frame made of aluminum tubing. The upper section is two 
tiered, allowing for the lower tier to be a push off point to help John get in a standing 
position. John will lock the seat in its downward position, and then raise himself into a 
standing position.  Once John is in a standing position he can sit in the transfer seat while 
he attaches the harness. The top horizontal section will provide the mounting point for the 
forearm rests and hand grips as well as attachment points for the harness. Once he has 
attached the harness to himself, he can unlock the swing seat.  The transfer seat will 
support his weight while walking and the harness will prevent him from falling. 
 
The vertical members will telescope over the wheel extensions to attain 10 inches of height 
adjustability. The wheels are 8 inches in diameter, made of hard plastic, and have sealed 
bearings to allow for a smooth ride. The rear wheels utilize a cable brake system that are 
triggered with locking hand brakes attached to the hand grips of the armrests. Below we 
have included two views of the completed Strider. 
 
  
 
Figure 18. Front view (left) and rear view (right) of the finished Strider 
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Detailed Design Description 
 
Harness 
A harness will prevent the user from falling while in the device. We had our kinesiology 
team perform research on whether a suspended seat or a suspend harness would give the 
users the most comfortable experience. They determined that a harness would be the most 
comfortable option.  Two types of harnesses were presented to us:  one was a climbing type 
harness and the other was a safety harness. 
 
 
 
Figure 19. Two types of suspended harnesses, a safety harness (left) and a climbing harness (right). 
Source: http://www.backcountry.com/store/review/62144/Bod-Harness.html, 
http://www.gemtor.com/harnesses.htm 
 
The safety harness looks to provide the most stability for John; however it is more bulky 
and is more difficult to put on. The climbing harness has only the belt and leg straps which 
will still provide sufficient support while being less cumbersome. 
We have selected a Black Diamond Bod Climbing Harness as our primary harness.   This 
harness is specifically designed for extended use.  The leg straps have a quick release 
buckle, which would allow the user to put on the belt without stepping through leg loops.  
The user can simply attach the belt and then fasten the leg straps from a seated position.  
This allows the user to independently prepare before transferring to the Strider.  Once the 
user has put on the harness, he can then position himself in the transfer seat.  The haul 
loops have carabineers that attach to eye bolts on the top bar.   The figure below shows the 
placement of the eyebolts. 
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Figure 20. The placement of the eyebolt used to attach the harness to the frame 
The climbing harness has a padded fleece belt and the straps are made of nylon webbing.  
The haul loops are rated for 12 kN or 2697 pounds. The harness costs $49.95.  The eye 
bolts cost $1.29 each for a total of $5.16. 
Transfer Seat  
The transfer seat will be a rest seat the user will employ while fastening the harness to the 
frame.  The figure below shows the transfer seat in the raised and lowered position.  
 
    
Figure 21. The transfer seat in its lowered (left) and raised position (right). 
After the user has fastened the harness to the frame, the seat is then unlocked and user can 
slide off of it.  The seat is then used to support the majority of the user’s weight.   
The frame of the seat is made of 6061-T6 aluminum.  The vertical arms and the horizontal 
base are fastened together by using a star nut end fitting and a bolt.  The actual seat has a 
plywood backing and is fastened to the bolt plate using wood screws.  The bolt plate was 
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fastened to the bar using bolts.  The bolt heads were counter bored into the plywood 
backing so that the bolt plate and the backing would be flush.    
 
Figure 22. Side view of the seat showing the base bar, the bolt plate, and the cushion 
The seat was hung from the top rail using a pipe hanger.  The seat then locks down using a 
retractable T-pin that goes through the arms and an L-bracket attached to the underside of 
the top rail. 
 
Figure 23. Shows the pipe hanger that attaches the seat to the frame.  Also shows the locking pin and L-
bracket 
Chest Support 
The Strider chest support allows the user to push the Strider with his chest for extra 
leverage instead of pushing only with the armrests. The arms open wide to allow for easy 
entering and exiting of the Strider. The chest support has two directions of adjustability for 
user comfort. It can move vertically as well in and out from the user’s chest. 
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Figure 24. Strider chest support mounted on swinging arms 
Existing assisted walking devices do not provide the necessary torso support. Some devices 
feature torso supports that completely wrap around the user while others only have small 
pads at hip level. We examined ethafoam as a possible filling for a custom pad but it was 
too stiff. The rolling walker in the QL+ lab had a soft seat with a size appropriate for the 
Strider chest pad. Thus the selected chest support padding is a seat from the Hugo rolling 
walker. 
 
Figure 25. A seat from the Hugo rolling walker will be used as padding for chest support. 
Image from http://www.amazon.com/Hugo-Portable-Rolling-Walker-Backrest/dp/B000GHTHTM 
The padding is attached to an aluminum bolt plate. The telescoping members are made of 
concentric aluminum box tubing. The box frame prevents rotation so it is easier to adjust 
the members and keep the pin holes aligned. The inner tubing has a series of holes at one 
inch intervals.  The torso support can be adjusted and locked into place using quick release 
pins. 
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Figure 26. View of chest support shows both horizontal and vertical telescoping members with adjustment 
holes. 
The chest support is attached to opening arms on the front of the Strider and enhances the 
rigidity of the frame when in the closed position. The arms are made of square tubing 
rather than round tubing so the L-shaped sections can be more easily created. It also allows 
easier attachment to the chest support and frame. The chest support mounts to the arm on 
the right side of the Strider. This keeps the chest support out of the way when entering the 
Strider from its left side. This is the preferred position for a right handed user to push on 
the Strider with his right hand. The arms of the chest support attach to the frame with lift 
off pins.  This allows the user to remove the chest pad if they are eventually deemed 
unnecessary. 
 
Figure 27. Strider with arms open in entering configuration. The left side is free of obstruction for easy access 
to the Strider. 
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A pin fits through holes in the arms to securely hold the arms closed. The pin has two balls 
at the end that prevent the pin from being accidentally removed. A push button at the top 
of the pin retracts the balls and allows removal. The pin is attached to the arms with a 
lanyard to prevent it from being dropped or lost.  
 
Figure 28. Push button pin used to secure arms in closed position.  Image from 
http://www.mcmaster.com/#pins/=av6qbi 
 
Analysis 
The Strider was analyzed assuming a 100 lb load was applied to the chest support based on 
a 50 lb maximum expected load with a safety factor of 2. The horizontal telescoping 
member was analyzed as a fixed-free end condition cantilever beam with a 100lb axial load. 
The beam was analyzed for buckling even though the length with respect to width is small. 
Buckling was found to occur at an area moment of inertia of I = 5.84x10-4 in4, which is 
below that of any standard size aluminum box tubing. The smallest size available, 3/4" 
square tubing with 1/16” wall thickness was selected to reduce weight and cost. A 1/8” 
clearance between the inner and outer member was required to allow the chest support 
members to extend smoothly. Thus 1” square tubing with 1/16” wall thickness was initially 
selected for the outer tube. Only 6063 T52 aluminum, not 6061 T6 aluminum is available 
with a 1/16” wall thickness. To ensure it would not fail, the vertical telescoping member 
was analyzed as a cantilever beam in bending with a 100 lb load applied transverse to its 
axis. The maximum bending moment was found to be only 650 in-lbs. This yielded a 
maximum tensile stress in the tube of 9,426 psi, far less than the 16,000 psi yield stress of 
6063 T52 aluminum. A 3/16” diameter push button quick release pin with 1-1/2” working 
length is rated 5150 lbs in double shear, enough to safely handle the expected loading. 
To assemble the arms, two sections of box tubing are welded together in an L-shape for 
each arm. A rectangular plate is welded to each arm and holes drilled to provide a surface 
to bolt the hinges to the arms. The left arm will have plates welded to the top and bottom 
for securing the arms closed. The chest pad support frame is assembled by welding the 
tubing together. The chest support’s central member is welded to the horizontally 
telescoping members. The quick release pins are inserted in the tubing. The vertical 
telescoping member and the outer tubing for the horizontally extending section are welded 
together. Double button pins are also inserted to the vertical telescoping member. 
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Aluminum plates with the hinge’s hole pattern are welded to the side of the upper rail. This 
allows the arm’s hinge to bolt to the frame. 
Wheels 
Our design calls for two freely spinning caster wheels in the front and two fixed wheels in 
the rear. The Strider requires sealed bearings to minimize the force required by John to 
move the device. They must roll smoothly, have braking capabilities, and must be able to 
travel over various terrains. We began our research by looking at the wheels that the Child 
Strider group chose for their design and decided that making custom brakes and a custom 
attachment for the Strider would not be the ideal choice. Then we looked into industrial 
wheels and found many options, especially pneumatic wheels that would provide a soft 
ride. However, integrating brakes into the design was a large challenge that forced us to 
move on to more designs.  
 
Finally, we examined the Hugo Rolling Walker that was located in the QL+ lab and found 
that wheels from a rolling walker would work perfectly because they are designed for 
similar use that the Strider will face.  They can be easily integrated into the Strider frame, 
and they already have a braking assembly that can also be integrated into the Strider. 
The entire Hugo assembly can be purchased through Amazon for $109.99 including tax and 
shipping. After calling Hugo directly and doing research online for replacement parts, we 
found that buying through Amazon was the best option. From the assembly we used all 
four of the wheels, the braking assembly, and the seat was used as a chest pad.  The Hugo is 
rated for 300 lbs, which is sufficient for the Strider’s requirements. The figure below shows 
both the front and the back wheels we integrated into our device. 
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Figure 29. Hugo® wheels.  Front caster (left) and the fixed rear wheel (right) 
Source: http://www.amazon.com/Hugo-Portable-Rolling-Walker-Backrest/dp/B000GHTHTM 
 
We machined a new shank for both the front and the back wheels.  We did this so the 
Strider could have the height adjustability that it needed because the clearance between 
the original shank and the vertical tubing was too big.  This would cause a lot of rattling, so 
we machined new sleeves.  The sleeve is bolted over the top of the old one (Figure 30).   
 
Figure 30. One of the front wheels with the attached sleeve.  
We machined nine holes at about an inch apart to give the Strider sufficient height 
adjustability.  The height can be adjusted using a quick release pin. 
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Figure 31. Shows the rear wheels with the height adjustment holes and quick release pins 
 
Brakes 
The Strider will need brakes that can lock the rear wheels and keep them from rolling while 
John is transferring in or out of the device.  The braking assembly will be taken from the 
Hugo Rolling Walker described above. 
 
The brake cable is identical to a bike brake cable and can be replaced easily and at a 
lowcost.  The brake handles can be used as standard hand brakes as well as a parking 
brake. If the brake handle is squeezed, the system works like a standard brake.  The hand 
brake can also be pushed out and locked into place to work like a parking brake.  This is 
accomplished through a locking mechanism inside the handle that holds the cable in 
tension locking the brake shoe onto the outer surface of the wheel.  
 
We did some testing on the Hugo Rolling Walker in the QL+ lab and found that we could not 
get the wheels to roll while it was in the locked position. However, we noticed that the 
wheels were prone to sliding on the concrete surface when they were locked. Our 
recommendation at the moment would be for John to transfer with the Strider against a 
wall, and ideally on a less slick surface such as carpet. 
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Figure 32. Hugo brake shoe and fixture (left) and the hand brake (right) 
Source: http://www.hugoanywhere.com/ 
The brakes are mounted on the hand grips of the armrests, which makes them very 
accessible.  The position will be intuitive because they will be situated similarly to bicycle 
brakes. The figure shows the position of handbrakes in the final design. 
 
Figure 33. The Strider brakes on the handgrips of the armrest 
Armrests 
The Strider armrests allows the user to push the Strider with his hands as well as aid in 
turning. The Strider utilizes extra supportive armrests from commercial walkers and 
provides a comfortable resting position while standing. It consists of three main pieces: an 
arm trough, hand grip, and mounting base.  
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Figure 34. Armrest consists of an arm trough, hand grip, and mounting bracket. 
Picture from http://www.amazon.com/Medline-Walker-Platform-Attachment-Button/dp/B00083DG0U 
 
The arm trough is semi cylindrical and provides more lateral support than flat armrests. It 
is lined with soft foam for padding. The hand grip is a piece of aluminum tubing with a bend 
at the end. The end is capped with a rubberized grip for comfort. Screws beneath the arm 
trough can be loosened to adjust the hand grip. The grip can extend forward and backward 
as well as rotate. The mounting bracket is a bent plate to which the arm trough and 
handgrip are attached. The arm trough is bolted to the bracket. The hand grip is attached to 
the mounting bracket with pipe hangers. One tab is securely fastened to the armrest 
mounting bracket while the other has a screw with a knob to adjust the applied force. 
When the knob is loosened the hand grip can be adjusted.  The armrests are bolted to the 
outside of the upper rail.  They are bolted using the bolt slots so that the armrests can move 
forward or backward so the user is the most comfortable.   
 
Figure 35. Shows the armrest in their furthest back position 
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The armrests were provided to us for free from John but a Medline Platform Walker 
Attachment (Figure 35) costs $39.64 each. 
 
 
Elbows 
We initially had planned to weld all of the 90 degree bends in our device. However, just as 
the second quarter of this project was coming to a close, we learned that welding tempered 
aluminum diminishes the strength of the metal obtained from tempering. We did research 
and discovered that welding aluminum with a T6 temper can decrease its strength by up to 
50%. This decreased strength was not sufficient enough for the forces that would be seen 
by the elbows. As a result, we had to find another solution. After performing more research 
we found elbow pipe fittings from McMaster-Carr that solved our strength issues. 
 
 
Figure 36. Elbows used for the lower teir. 
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Analysis Results 
Tube sizing analysis was done using EES. We analyzed critical areas in the frame that will 
see large forces. After analysis we chose a tube with an outside diameter of 1.5 inches and a 
thickness of 0.125 inches. This gave us comfortable safety factors while still providing a 
lightweight structure. Buckling analysis was done on the vertical members to confirm that 
our tubes do not buckle in the case that 300 pounds is put directly on top of one of the 
vertical members (Figure 37). A factor of safety of 5.8 was exhibited for our chosen tube.  
 
 
 
 
 
 
Additionally, bending analysis was performed on the horizontal members that the 
suspended seat is attached to. These members will see large bending moments when John 
is attaching his harness while seated in the suspended seat. This loading case investigated 
was a 100 pounds downward force on one of the top tubes (Figure 39). We chose this load 
since John’s weight (approximately 180 pounds) will distribute 90 pounds to each top tube, 
then 45 pounds to each end. As a result, we believe applying a 100 pounds force is 
conservative. We obtained a factor of safety of 3.43 during this simulation. We also ran the 
program for the case that John stands on one of the bottom tubes. We applied a 200 pound 
force on the lower horizontal tube and analyzed the bending stress. The safety factor for 
this simulation was not as large as the others but still satisfactory at 1.72. Specifics of the 
tube sizing analysis can be found in Appendix C. 
Buckling Force 
Pcr = 300 lb 
Figure 37. Buckling force analysis 
schematic (worst-case loading) 
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Figure 38. Bending force analysis schematic (Worst-case loading). 
 
The frame of the transfer seat, consisting of the arms and the seat cross piece, was 
structurally analyzed.  We chose to make the seat out of 6061-T6 aluminum because it has 
very good machinability, is very corrosive resistant, and has good strength properties.  
Table 7 shows the properties of 6061-T6 aluminum. 
Table 7. Properties of 6061-T6 aluminum. (Source: www.asm.matweb.com) 
Property Value 
Modulus of Elasticity 10.4 mpsi 
Density .098 lb/in2 
Yield Strength 40 kpsi 
Ultimate Strength 45 kpsi 
Shear Strength 30 kpsi 
 
F
b
 = 200 lb 
F
s
 = 100 lb 
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Several key features of the seat needed to be structurally analyzed.  This included analysis 
for the arms, weld tabs, the pins and the seat plate. All the details of the analysis can be 
found in Appendix D.  
The first analysis performed was for the bending forces caused by a person sitting in the 
seat.  Using the rated weight of 300 lbs, the program yielded a maximum moment of 4200 
in-lbs, which includes a safety factor of 2.  Using   
  
 
 and EES, the bending stress was 
computed for several standard round and square tubes.  The square cross sections gave 
much better results (see Appendix C), so we will use 1”x 1” x.125” square tubing for the 
base.  This has a bending stress of 36 kpsi which is less than the 40 kpsi of the material 
ensuring that they are safe. 
Originally, round tubing was going to be used for the vertical members of the seat arms.  
However, from a manufacturing standpoint, it will be easier to weld square members to the 
flat edges of the base.  A normal stress analysis, using the equation   
 
 
, gives us a stress 
of 1.4 kpsi, which is much less than the  40 kpsi.  These arms must also be analyzed for 
bending stress when in the up position.  When in the upright position only the weight of the 
seat is a force.  This gives us a maximum bending moment of 120 in-lbs, which includes our 
safety factor.  The bending stress is 3.6 kpsi which is less than 40 kpsi. 
Next the weld tab and pins were analyzed.  The tabs can fail due to shear tear out or by 
bearing tear out.  The pin can also fail in bearing and shear.  We chose to use ¼” grooved 
retaining pins made out of 304 stainless steel.  The weld tabs are 0.125” thick and we 
positioned the hole 1.5 diameters from the edge to prevent shear and bearing tear out.  The 
bearing stress on the pin is found using   
 
  
.  The force on the pin is 150 pounds, with a 
safety factor of 2 and a thickness of 0.125” for the plate. Therefore the bearing stress is 12.2 
kpsi which is less than the 40 kpsi.  The shear stress is found using    
  
  
.  The shear 
stress for the pin is 8.1 kpsi, which is less than 15 kpsi, the ASTM minimum requirement for 
stainless steel fasteners.   
The bolt plate to which the seat is fastened was also analyzed.  The plate was modeled as a 
cantilever beam with a 300 lb force concentrated at the end.  This gives us a moment of 
1500 in-lb. Solving backwards for the bending stress, the minimum plate thickness we can 
use is .193”.  The closest standard thickness is .25”, which gives us a bending stress of 24 
kpsi.   
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Cost Analysis 
The total cost to construct the Strider was approximately $1,296.  This includes tax and 
shipping and handling costs.   We have split up the main sub sections of the Strider to see 
what parts contribute the most to the cost (Table 8 below). 
The most expensive component was the materials required for the frame.  The Strider 
required upwards of 25 feet of various aluminum tubing for the outer tubing, leg struts, 
and the inserts.  The total cost for the frame is about $670.  The second most expensive 
subsystem was the transfer seat. There were a lot of components that went into a 
functioning swing seat. Also, we purchased very user friendly (albeit expensive) push pins 
that will make it easier for John to use. 
Apart from the frame tubing, the single most expensive component was the Hugo Rolling 
Walker.  We purchased the Hugo Rolling Walker so we could harvest this device for various 
parts including the seat, the wheels, and the brakes. We wanted the seat because it is 
designed especially for applications similar to ours and also because the seat is of higher 
quality than one we could construct ourselves. We used this seat as our chest pad since it 
has a very high quality foam inside. We used the wheels from this device because they were 
very adaptable to our device and they were just the right size. Lastly, the brakes were very 
useful since they have a regular brake, but they also have a locking brake if you pull the 
lever the opposite direction. This was very appealing to us since we wanted a locking brake 
for when John is getting into the device. 
The chest support came out to approximately $110 in cost.  Main costs include the special 
hinges we purchased that can easily lift off when transporting the device as well as the 
heavy-duty quick release pins.  
The cost of all the fasteners was just over $100, which is very reasonable considering the 
amount of fasteners we needed for the Strider. 
Lastly, the Black Diamond Bod Climbing Harness was well-priced at $50. This was the most 
comfortable harness system we could find that could still be integrated into the Strider. 
With our costs totaling to $1,296 we made our budget of $1,500! 
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Table 8 Complete cost breakdown 
Frame   
1.5" OD X 0.125" 6061-T6 Bare Extruded Aluminum Tube, 8’ 274.60 
Aluminum (alloy 6061) Tube, 1-1/4" OD, 1.084" ID, .083" Wall Thick, 11' L 115.74 
Aluminum (alloy 6061) Tube, 1" OD, .902" ID, .049" Wall Thickness, 1' L 24.37 
Aluminum Tubing, 1" OD, .902" ID, .049" Wall Thickness, 3' Length 20.65 
Heavy Duty Spring-Loaded Quick-Release Pin, 1/4" Dia, 2" Usable Length 19.64 
Aluminum Slip-on Rail Fittings, Tee with Through Hole, Fits 1-1/4" Pipe Size 122.85 
Aluminum Slip-on Rail Fittings, 90 Degree Elbow, Fits 1-1/4" Pipe Size 87.76 
Subtotal 665.61 
  
   
Transfer Seat   
(Alloy 6061) Rect Tube 1/8" Wall Thickness, 1" X 1", 3' Length 14.24 
Seat Material 22.67 
Quick Release pins 1.25” x 0.1875” 32.88 
Pipe hangers – Steel for 1 ½ pipe 2.34 
T-Handle Push-Button Quick-Release Pin, 3/16" Diameter, 1-1/4" Usable 
Length 42.88 
Star nuts 4.20 
(Alloy 6061) Tube 1" OD, .902" ID, .049" Wall Thickness, 1' Length 17.70 
(Alloy 6061) 1/4" Thick, 5" Width, 1' Length 12.40 
Steel Corner Bracket, Zinc-Plated, 2" Length of Sides, 5/8" Width 0.96 
Mountable Hook and Loop Cable Tie, Adhesive Backed, 12" L 15.66 
Pivoting Steel Hanger, for 1-5/16" Outside Diameter, 1" Pipe Size 8.00 
Steel Tool Holder, Black Vinyl-Coated, 3/4" to 1-1/8" Diameter 3.60 
Subtotal 177.53 
    
Torso Support   
Chest Pad from Hugo - listed under wheels   
Heavy Duty Spring-Loaded Quick-Release Pin, 1/4" Dia, 1-1/2" Usable 
Length 17.51 
Mortise-Mount Lift-Off Hinge, Prime-Coat Steel, 4-1/2" H Leaf, 4" W Open 29.44 
Corrosion-Resistant Aluminum (alloy 5052), .125" Thick, 12" X 12" 14.30 
Steel Corner Bracket, Zinc-Plated, 7/8" Length of Sides, 5/8" Width 0.68 
Steel Corner Bracket, Zinc-Plated, 1" Length of Sides, 1/2" Width 0.64 
Aluminum (alloy 6061) Rect Tube, 1/8" Wall Thick, 1" X 1", 3' Length 14.24 
Aluminum Tube (alloy 6063), Square, 3/4" X 3/4", 1/8" Wall, 3' Length 6.67 
Aluminum Tube (alloy 6063), Square, 1" X 1", 1/16" Wall, 1' Length 2.55 
Tax and Shipping 24.50 
 Subtotal 110.53 
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Harness   
Black Diamond Bod Climbing Harness 49.95 
Eyebolts 5.16 
Carabineers 44.50 
Subtotal 99.61 
    
Wheels/Brakes   
Hugo Rolling Walker 109.99 
Brake Cable and Housing 29.99 
Subtotal 139.98 
 
  
Fasteners   
Frame 1/4-20 bolts and nuts 52.95 
1/4-20 bolts and nuts and washers for everything 18.71 
Cloth lanyards and Bolts for arm rests 9.12 
Chain Lanyards 11.67 
Push-on Square Cap, Fits 3/4" Square, 1" Inside Height, Black 10.29 
Subtotal 102.74 
    
Grand Total 1,296.00 
 
Material, Geometry Selection 
We selected aluminum 6061-T6 for our frame. This type of aluminum is one of the most 
common alloys of aluminum so the cost is relatively cheap. The density is relatively low 
especially when compared to steels. The strength given by the T6 temper is also an 
advantage as the yield strength is at least 35,000 psi. It is important to note that aluminum 
does lose a significant amount of strength when it is welded so we have minimized the 
amount of welding as much as possible.  
 
 
For the general geometry of our Strider we chose to have vertical tubes on each corner so 
that the vertical downward force from the user would be transmitted in axial compression. 
The Rifton Pacer Gait has bends that allow the top half of the device to have a smaller width 
and length. We were hesitant to try a design like this because of the bending moments 
involved and the fact that we don’t have a design team of experienced engineers. Also, our 
design allows for easier machinability and reproducibility. As stated before the lower tier 
assists John in getting up on his feet to get into the device and the rear horizontal tube will 
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be placed high enough so that John’s gait will not be interfered by hitting his heels as he 
walks. 
 
Safety Considerations 
There are several safety concerns we must express to the client when we present our 
device. We recommend that the user have assistance while learning how to transfer into 
the device. Until the user has had practice getting in and out and can do it with ease, there 
should be someone there in case the user becomes injured or falls. The brakes must be 
applied using the locking brakes feature while the user is transferring and if the ground is 
very smooth, placing the Strider up against a wall will ensure it will not slip. Before getting 
onto the seat the user should verify that the pins that hold the seat steady are in place. This 
will prevent the seat from rotating out from under the user while he is getting onto the 
seat. The user should also double check all harness attachments before suspending 
themselves. Additionally, while transferring into the device the user must close the front 
end before suspending himself in the harness. We believe dynamic loading could pull the 
top tubes towards each other if the front–end is not rigid while the front arms are swung 
out. Lastly, pinching is a danger when closing the swing arms so caution must be taken 
when performing this step.  
Maintenance and Repair Considerations 
Maintenance will be minimal with the Strider. Maintenance may include greasing the front 
hinges and suspended seat for easier swinging. Also, the bike brake may require tuning; 
however this maintenance interval will be a long period of time with the very low tension 
applied to the cable brake when you compare it to the tension applied to bike brakes.  
 
Special Procedures 
A tip for adjusting the height of the Strider with only one person is to tip the device onto its 
back then pull the pins and simply slide the legs to the desired height.  This method is much 
easier with one person because the legs tend to bind when pins are adjusted one by one in 
the vertical position.  
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CHAPTER 5 PRODUCT REALIZATION 
 
Overview 
The Strider was built at the Mechanical Engineering machine shops on campus. The frame 
needed to be constructed first before all the other components could be mounted to it. We 
made the Strider almost completely out of Aluminum to save weight while maintaining 
strength. All the tubing and plates are made out of Aluminum, while all the bolts, washers, 
nuts, hinges, L brackets and pins are made out of steel for strength and availability. We 
tried to use the same size bolts and pins as much as possible to make manufacturing and 
purchasing much easier. We decided to use ¼ - 20 bolts; the holes wouldn’t take out too 
much material, but the bolts would have enough strength to not fail under rated loading. 
 
Frame 
We started by cutting out all frame tubing to size using a circular cutoff saw. Then we 
ground off all burrs that resulted from the cutting process. 
  
Once the frame members were all prepared we began to put the frame together using the 
elbows purchased from McMaster. Initially we thought that a 1/16” clearance around the 
tubing would be small enough to fit securely around the tubing, but it turned out to be a lot 
bigger than we imagined so we needed to come up with a new solution. After looking at 
different size elbows and brainstorming about possible solutions, we decided to buy 
smaller elbows and make inserts that would fit inside the tubing and the new elbows. Then 
the inserts would be bolted on both sides, one side to the frame, and the other to the elbow. 
An expanded picture of the solution can be seen in Figure 40. 
 
Figure 39. Expanded View Showing Elbow Inserts 
With this new solution for our elbows and tees, we could continue manufacturing. Since the 
inserts had the same outer diameter as the inner diameter of our frame tubing we had to 
decrease the diameter of the inserts slightly so they could fit inside. This was done using 
the lathes in the Hangar Machine Shop by a process called turning. Turning is used to take 
material off the outer surface of cylindrical parts and decreases the radius of the part. As 
seen in Figure 40, the brighter, more polished surface is the section that had some material 
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removed so it could fit into the frame tubing. The other side of the inserts fit into the 
elbows and did not need to be turned down. 
Once the inserts were all finished, we could fasten the frame together. The inserts needed 
to be bolted to the elbows and to the frame tubing. In order to line up the holes properly, 
we drilled a single hole through both the elbow and insert. This was done on a mill. First 
the center of the hole was lined up and double checked. Then a center drill was used to put 
a small indent into the material. Finally a ¼” drill bit cuts a hole through all the material, 
the center drill was used because it keeps the drill bit in line and prevents it from 
wandering on the curved surface of the material. Once the hole was complete, we fastened 
a bolt through the new hole in the elbow and insert. 
The same process was used to drill the same size holes through the frame members and the 
other side of the inserts. Then they could be fastened using the same size bolts.  Figure 41 
below shows one section of the frame with elbows and tubing. The inserts are inside of the 
junction between the tubing and the elbows.  
 
Figure 40. Hand Grip Frame Section 
 
The mill was used frequently during the majority of the manufacturing because of its ability 
to accurately line up holes. Due to its usefulness, many other senior project groups used the 
mills. This made them hard to get and ended up delaying our manufacturing at times. 
Figure 42 shows the process of cutting a hole through one of the elbows. 
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Figure 41. Using the mill to drill holes for inserts. 
After all the manufacturing of the elbows and inserts were complete, we could fasten the 
completed frame together. Figure 43 below shows the completed Strider frame with the 
wheels attached. 
 
Figure 42. Basic frame of the Strider completed with the wheels. 
 
Wheels 
Now that we had the frame, we could manufacture and attach the wheels. The wheels are 
pinned to the frame using longer tubing sections that were bolted onto the existing wheel 
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posts. Figures 44 and 45 show the original wheel posts and the manufacturing of the longer 
sections of tubing that slide into the bottom frame members as seen in Figure 47. 
 
 
Figure 43. Original Wheels from the HUGO Walker. 
 
Figure 44. Attaching new loner leg posts to 
wheels. 
The new posts are made from the same size tubing used for the inserts. The new tubing 
sections are fastened over the original wheel tubes using two bolts at the base of the 
existing wheel posts. Figure 45 above shows the drilling of those two holes. 
In order for the frame to have height adjustability, we drilled 9 holes along the length of the 
extended tubing posts; these can be seen in Figure 46. Then we drilled a hole in each of the 
four frame members. The wheels are locked into place using a quick release pin through 
the outside frame member and through one of the adjustment holes in the wheel post. This 
can be seen in Figure 47.
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Figure 45. Manufacturing of wheel adjustment 
holes. 
 
Figure 46. Height Adjustment Pin.
 
Once we had a functioning frame with wheels, we could begin some of our testing for 
strength and rigidity. In order to do all of our testing though, we needed to finish all the 
components of the design. We still needed the chest pad, swing seat, arm rests and the 
brakes. We often broke up into two teams and built the chest pad and the swing seat 
simultaneously during this phase of manufacturing.  
 
Chest Pad 
The chest pad was taken from the Hugo rolling walker. The completed torso support can be 
seen in Figure 48 below. First, we used a vertical band saw to cut out a mounting plate for 
the chest pad. Then we screwed the plate onto the back to the chest pad. The chest pad was 
designed to be adjustable vertically and horizontally towards the user. This was done with 
square box tubing and quick release pins. Figure 49 shows the adjustment arms with pins. 
All the box tubing for the torso support was cut on the same cutoff saw used for the frame 
tubing. We used a mill to drill all the holes in the adjustment arms. The horizontal 
adjustment arm was bolted to the plate on the back of the chest pad using small L brackets. 
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This adjustment arm has holes along the length and slides through a larger section of box 
tubing and was pinned in place just like the wheel adjustment holes.  
 
Figure 47. Completed Torso Support 
This larger box tubing was welded to the top of the vertical adjustment arm. The vertical 
adjustment has holes along the length and is pinned to another section of larger box tubing 
just like the horizontal arm. This second section of larger box tubing is welded to the main 
arms of the torso support. The welding was done using the TIG welding process.
 
Figure 48. Torso Support Adjustment Arms. 
 
Figure 49. Torso Support Mounting Hinge. 
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Hinges 
The main arms of the torso support are attached to the Strider frame through a hinge as 
shown in Figure 50. We cut out attachment plates from the leftover parts of the chest pad 
plate on the vertical band saw. The attachment plates bolt to the hinge and to the torso 
support arms. The hinges are bolted onto a vertical member of the frame as seen below in 
Figure 51. We decided to drill our own, smaller, holes in the hinge because then we could 
use our standard ¼-20 bolts and not drill larger holes in the frame tubing. 
 
 
Figure 50. Torso Support Hinge Mounted to Frame 
 
Swing Seat 
We constructed the seat ourselves out of foam, plywood and a vinyl cover. We cut the 
plywood and foam into the size of the seat and glued the foam onto the wood. Then we 
covered the seat with a vinyl cover using small nails.  
 
We cut out an attachment plate for the seat just like the chest pad. We drilled three holes in 
the plate using a drill press. Those holes were used to attach the attachment plate to the 
box tubing underneath the seat. This box tubing is used as the support between the seat 
and the swing arms. The box tubing was cut using a cut-off saw and then holes were drilled 
to match the holes in the attachment plate. Once we had the plate and the box tubing, we 
bolted them together. The bolt heads were on the plate side, so we needed to bore three 
holes in the back of the seat so the plate could sit flush on the seat. Then we could drill 6 
small holes around the plate and attach the plate to the seat using wood screws. We had to 
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counter sink these holes so the wood screws could sit flat on the surface of the attachment 
plate. The final result of this manufacturing can be seen below in Figure 52. 
 
 
Figure 51. Underside of Swing Seat 
Two sections of tubing were used to attach the swing seat to the frame. These tube sections 
were cut using the cut off saw. Then we used a hydraulic press to insert star nuts in the 
tubing. We drilled holes at the ends of the box tubing on the drill press and bolted the seat 
assembly to the star nuts inside the tubing sections. A star nut inside the tubing can be seen 
in Figure 53 below. 
 
Figure 52. Pressed in star nut 
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The swing seat swings by use of a pipe hanger. We mounted the pipe hangers on the top of 
the frame using a bolt positioned horizontally through the pipe hanger and the frame 
tubing. This can be seen in Figure 54 below. Then the swing seat could then be bolted onto 
the bottom of the pipe hangers. All of these holes were drilled using a Mill. 
 
Figure 53. Right Side of Swing Seat Assembly 
Figure 55 below shows the top of one swing seat arm. The arms are made from tubing, and 
thus have a flat top. This had to be filed down so that they wouldn’t interfere with the 
frame tubing as the seat rotates.   
 
Figure 54. Top of Swing Seat Arm 
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The swing seat needs to lock in the down position when the user is transferring into or out 
of the device. The locking mechanism can be seen in Figures 56 and 57. We used small L- 
brackets mounted to the frame and quick release pins to lock the seat in position. We were 
unable to obtain a small L bracket with holes that were in-line. Each hole is slightly offset 
from the center of the bracket. To accommodate for this, we had to drill two holes offset 
from the center of our tubing. Then we bolted the bracket onto the top of the Strider Frame. 
We drilled our own holes in the brackets so that it could be centered with the swing seat 
arms. This hole is used by the quick release pin to lock the swing seat in the down position. 
 
Figure 55. L Bracket for Locking Swing Seat 
 
Figure 56. Swing Seat Locking Mechanism
All that was left at this stage in manufacturing was to attach the arm rests, brakes and eye 
bolts. 
Armrests 
The arm rests were obtained from John and already had a mounting plate on them. We 
utilized this mounting plate because it already had slots in it that would make adjustment 
easy for John. The arm rest mounting can be seen in Figure 58.  We measured and drilled 
two holes in our horizontal frame member for the arm rest mounting. Then we cut and put 
spacers between the arm rest plate and the frame. This gap, which can be seen in Figure 59 
below, was made so that the nuts for the eye bolts could fit between the arm rests and the 
frame. 
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              Figure 57. : Arm rest mounting (side view).                 Figure 58. : Arm rest mounting (front view)    
Brakes 
The Brakes are from the Hugo rolling walker and were already attached to our wheels. We 
wanted to attach the brake handles to the hand grips of the arm rests. In order for the 
brake handles to reach all the way from the arm rests, we needed to get new brake cable. 
We brought the Strider to a local bike shop called Foothill Cyclery. They were able to 
measure and cut new brake cable for us as well as show us how to replace the cable. Then 
we took apart the brake handles, removed the old cable, put in the new cable, and crimped 
on ferrules to lock the new cable in place. We were able to put the handles back together 
and adjust the cable to proper tension. Finally we mounted the brake handles below the 
hand grips using self-drilling and tapping screws. The finished brake handles can be seen in 
Figure 60. 
 
 
Figure 59. Brake handle mounting. 
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Eye Bolts 
The eye bolts are threaded and came with nuts. We measured and drilled holes on the mill 
before bolting all four onto the frame. There is one set in the back and one in the front on 
each side of the frame as seen in Figure 61. The front eye bolts are mounted underneath the 
arm rest. The arm rest plate needed to be mounted using spacers to allow for the eye bolts 
to be mounted. The manufacturing of this gap can be found on the previous page. 
 
 
Figure 60. Eye Bolt Positions 
Finishing touches 
Most of the manufacturing was now complete. All that was left was to make adjustments 
and grind down any sharp edges. 
 
Figure 61. Cutting Off Extra Bolt Lengths 
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First we used an angle grinder with a cut-off wheel to cut the extra length of the bolts as 
seen in Figure 62. This caused some of the nylon in our lock nuts to melt, but it melted onto 
the threads of the bolts so they still acted as lock nuts. After cutting, we used a grinding 
wheel to smooth the remaining sharp edges on the bolts and any other parts of the Strider.  
We attached lanyards to all quick release pins so that they won’t be lost (Figure 63). All 
lanyards are made out of small steel chain and zip-tied to the frame to ensure that they 
can’t be separated. 
 
Figure 62. Lanyard for Quick Release Pin 
After bringing the completed Strider to John for testing, we found that the seat was difficult 
for him to use because it was too high. To fix this, we took apart the swing seat, and made 
new arms using the same procedure as the original swing seat arms. The longer arms do 
not allow the seat to fold up completely out of the way. As a result, we will give John the old 
arms with the Strider if he would like to put the old arms back on. 
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CHAPTER 6 DESIGN VERIFICATION PLAN 
Test Descriptions 
Below is a summary of the tests we performed on the Strider. The left column is what 
aspect of the device we are testing, the second column states how each aspect was tested, 
the third column lists the acceptable values needed in order to meet specifications, and the 
forth column lists the actual values obtained through testing. In Appendix F we have 
included a more detailed chart of the testing results. Quantitative accuracies of the 
measurements are as follows: ±.125 inches, ±.5 degrees, ±.5 lbf. 
Table 9. Testing information. 
Specification Test Description Acceptance Criteria Actual Value 
Weight Use scale to find weight Less than 80 lbs 48 lbs 
Rated weight 
Place weight on seat and 
in harness 
300 lbs 
+300 lbs 
Width 
Maneuver through various 
doorways 
30 in 
28.75 in 
Length Measure 32 in 37-41 in 
Turn radius 
Maneuver through 
hallways/tight spaces 
Able to maneuver 
20 in radius, 
navigates 40 in 
wide hallway 
Tipping Tilt test (unloaded) 10 degrees min 
Forward – 27.5° 
Backward - 27° 
Side - 20° 
Tipping Tilt test (loaded) 10 degrees min 
Forward – 18.1° 
Backward – 18.3° 
Side – 14.6° 
Height adjustability 
Measure top and bottom 
height 
10 in 
8.25 in 
Force required to 
move device 
Pull with spring scale until 
it moves (No brakes) 
50 lbf 
1.5 – 3.4 lbf 
Force required to 
move device 
Pull with spring scale until 
it moves (Brakes locked) 
50 lbf 
7 – 10 lbf 
Force required to lift 
seat 
Pull with spring scale to 
up position 
20 lbf 
4 lbf 
Climb incline angle 
Pull with spring scale up 
incline 
10 degree min (pull 
force <50 lbs) 
Pull force never 
exceeds 50 lbs 
Harness comfort Sit in harness until it in 2 hours 20 min 
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not comfortable 
Time to transfer 
Simulate transfer into 
device 
5 min 
5 – 10 min 
Brakes during 
transfer 
Brakes lock and don't slide 
during transfer 
No sliding 
Slides on smooth 
surfaces 
Weight supported 
by Strider  
Use scale to check weight 
while increasing height 
50-100% 
50-100% 
Ground clearance Measure 6 in 10.75 in 
Product cost BOM  $1,500  ~$1,200 
 
The weight of our device is extremely important to ensure that John can even use our 
device.  We performed the weight test by using a bathroom scale. One of us held the Strider 
and recorded the weight.  Then we subtracted the weight of the person to find the weight of 
the Strider. This value was recorded at 48 lbs.  
The rated weight test will confirm that the Strider and harness can hold all of John’s weight 
while he is loaded in the harness. In testing this we had Mike and Matt, with a combined 
weight of 330 lbs, hang from the harness (with the chest pad arms in the closed position). 
The Strider withstood the weight quite well with minimal flexing.  
For the width test, we rolled the Strider through various doorways around campus and had 
no problems. ADA requires doorway be no less than 32 inches, so with our 28.75 inch wide 
Strider we have room to spare.  
For the length test we measured the final length of the device and came up with a range of 
37-41 inches. There is a range because the total length of the device changes depending on 
whether the caster wheels in the front are rotated inwards or outwards. This length was 
more than we initially wanted.  However, we found no problems with the extra length, but 
we did find that it does help with the forward and backward tipping.  
The turning radius test measures how tightly the Strider can turn. We expect that John can 
apply the brakes to one of the back wheels and rotate very tightly about that wheel. 
Through testing we found that locking one of the rear brakes allows the Strider to rotate 
around that braked wheel. The turning radius is 20 inches and the device can maneuver 
through a 90 degree turn through a hallway width of 40 inches. 
The tipping test revealed the angles the Strider must be at before tipping occurs. We 
performed this test for forward, backward, and side tipping. We also performed these tests 
for an unloaded Strider and a loaded Strider. We loaded the Strider with Matt sitting in the 
harness. Results are shown in the table above. 
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Another test we performed was to place the Strider flat, pull it horizontally on different 
surfaces, and record the amount of force required to initiate motion. We tested this on 
smooth painted concrete, normal concrete, rough concrete, short carpet, grass, and dirt. 
Results can be found below in Table 12.  
 
 
Table 10. Pull Test Results 
Terrain No Brakes (lbf) Brakes Locked (lbf) 
Smooth, Painted Concrete 1.5 7 
Normal Concrete 1.8 8 
Rough Concrete 2 9 
Short, Industrial Carpet 2.1 8 
Grass 3.4 10 
Sand or Dirt 1.3 7 
 
 
Additionally, we used the spring gage to pull the device up an incline to test how much the 
force increases as the incline angle increases. Pulling the Strider up small inclines we found 
the force to move the device did not rise significantly and the force never exceeded the 
stated 50 lbf maximum. 
To test the comfort of the harness we had Matt get harnessed in the device and move 
around, we recorded when Matt starting feeling some discomfort from the harness. After 
about 20 min, Matt started to feel discomfort in the crotch area where the harness loops up 
under the legs. We were hoping this value would be greater than 20 minutes, but after 
testing with John we found that he prefers to keep some of his weight on the seat with it 
partially rotated back so the harness is more of a catch mechanism versus the primary 
mode of suspending the user.  
To test the transfer time to get fully into the Strider we performed testing with John. For 
the transfer time, we recorded how long it takes to put on the harness, get in the Strider 
and onto the suspended seat, attach the harness to the frame, close the armrest bars, and 
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swing up the suspended seat.  After several attempts for John to get in the device, the time 
ranged from 5 to 10 minutes. Additionally, John did require help from us to transfer into 
the device. Hopefully, with practice John can shorten this time and be able to do it by 
himself. 
Testing the brakes revealed that when the brakes are locked the Strider does slide on 
smooth surfaces. This is not good when John is transferring to the device. One solution is to 
place the Strider against a wall so it will not slip away from him will he is trying to transfer 
into the device.  
The Strider is able to vary the weight the user must bear however we did run into issues 
with the relative dimensions between the desired weight bearing height and the height of 
the chest pad and arm rests.  
The ground clearance was simply measured and was confirmed to be 10.75 inches, which 
clears the required 6 inches. 
Finally, we tested with a spring scale to see how much force is required to lift the rest seat 
into the vertical locked position. We want John to be able to perform this task with relative 
ease so the target force for this task must be less than 20 lbf. The recorded test force was 4 
lbs, which is much less than the 20 lb limit. 
 
Project Management 
 
As far as scheduling went, we did fall behind during the manufacturing of the frame. This 
occurred as a result of the inserts for the elbows and tees taking longer than expected to 
machine and also because of the high demand for mills and the fact that there were only 
three mills available in the hangar machine shop. As you can see below the manufacturing 
time took much longer than anticipated. Luckily, we scheduled a large amount of time for 
testing when in actuality we were able to complete all the testing in one week. 
 
Projected Spring Quarter schedule: 
Week 1-4: Manufacturing 
Week 5-9: Testing 
Week 10: Design expo 
 
Actual Spring Quarter schedule: 
Week 1-8: Manufacturing 
Week 9: Testing 
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Week 10: Design expo 
 
 
Below is a chart discussing the responsibilities we delegated to each team member. This 
has been updated as the project has come to a close and reflects responsibilities that were 
actually taken. 
 
Table 11. Roles and Responsibilities 
Role Team 
Member 
Description of Role 
Primary Contact Mike Contact with the client in an effort to minimize confusion 
and information overload sent to the client. Emphasis will 
be on updating the sponsor each week after each team 
meeting. 
Advisor Meeting 
Leader 
Matt Moderate the meeting to improve flow and improve the 
efficiency of the meeting. 
Advisor Meeting 
Note Taking 
Everyone Primary note taker each meeting and send out notes the 
following morning. 
Advisor Meeting 
Scheduling 
Matt Contact Professor Self if any rescheduling is necessary and 
will send out a schedule before each meeting outlining the 
action items to discuss. 
Discipline Everyone The team will vote on the appropriate punishment for 
misconducts such as missing a meeting, incomplete work, 
lack of collaboration with team. Discipline will be decided 
by team, but may include bringing food to the next meeting. 
Patent Search Everyone Research patents relating to our product 
Similar Product 
Search 
Everyone Search for similar products to see what is already available 
including parts. 
Engineering 
Analyst 
Everyone Perform engineering analysis on the proposed design. 
Documentation Mary Organize and track all hand calculations and sketches 
during the engineering analysis phase 
CAD Doug Primary designer for all computer assisted drawing 
applications. 
ADA Mike Research ADA requirements we must consider when 
designing our device. 
Manufacturing  Everyone Research manufacturing processes in order to make the 
device more easily reproducible in the future 
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Prototype 
Fabrication 
Matt Has the most experience in machine shop and will be the 
lead during fabrication 
Progress Advisor Mary Make sure the team is meeting deadlines and staying on 
track with timetables 
Testing Mike Take lead in testing of the device and measuring 
performance 
Requirement 
tracking 
Doug Ensures the project is meeting all requirements throughout 
the design process 
Industry 
Collaboration 
Kinesiology 
Team 
Contact companies in the area to obtain cheaper or free 
materials for the prototype 
User Interfacing Kinesiology 
Team 
Research interface between device and user, optimizing 
functionality and comfort 
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CHAPTER 8 CONCLUSION 
 
Conclusions and Recommendations 
The finished Strider was able to meet nearly all of the goals that were assigned to the 
project.  Testing with our end user showed that he could get into the Strider without 
assistance.  We did, however, have to brace the sides of the Strider because we were on a 
smooth floor and the wheels slip when not on carpet.  We also overestimated the optimal 
height.  The height of the transfer seat for the height we thought he would use was too high.  
During testing we had to adjust the height to its lowest setting and at that point the harness 
did not support any of the user’s weight.  The transfer seat was also not able to retract into 
its fully upright position.  Instead, it supported most of the user’s weight.  We 
remanufactured the arms of the transfer seat to lower the seat by 4 inches.  Because the 
arms were lengthened, the seat can no longer retract into its fully upright position.  But 
since the user will be using the transfer seat instead of the harness to support his weight, 
this is acceptable.    
We have a couple recommendations for future teams.  Because of the issues we had with 
the height adjustment, it would have been nice if the kinesiology team could have gotten us 
some anthropometric data on him.  The PCV model we built at the beginning of the project 
had adjustable heights and we used it to get a rough estimate of what height would work 
for John, but there was some error in this method.  We also recommend looking for wheels 
with better traction.  The ones we used were very nice and were adequate in all respects 
except for when the user is getting into the device.  The brakes are good and do not slip but 
the wheels do slip when on a smooth surface.  This is especially dangerous when the user is 
trying to get on the transfer seat.   
If the Strider were to be produced again or in volume, we would recommend finding 
cheaper sources of materials as well as making more parts in house like the wheels and 
brake handles for example. If dimensioned properly, the elbows could be manufactured 
without the inserts saving on material, time and cost. 
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Appendix B - QFD 
▲= Little importance Ο = Somewhat Importance Θ = Very Important 
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Customer 
Requirements   
  INDEPENDENCE               
8.1 Fully independent use Θ Ο Ο ▲ ▲ ▲ Θ Θ Ο Θ Ο ▲ Ο Θ 
8.1 Ind.t Transfer to standing position  ▲ ▲ ▲ Θ ▲  Θ    Ο Ο ▲ 
  SAFETY               
6.1 No tipping Ο Θ Θ Θ Ο Ο Θ Ο ▲      
6.1 Stable (can handle bumps and terrain)  Θ Θ Θ Θ Ο Ο Θ ▲      
4.0 Brakes Ο   ▲ Ο  Ο    Ο Ο ▲  
  AJUSTABILTIY               
7.1 Weight bearing adjustability    Ο Ο Ο    Θ Ο Ο ▲ Θ 
5.1 User size adjustability    Ο ▲ Θ     Ο Ο Ο Ο 
  COMFORT               
7.1 Use for 2-3 hours       Ο    Θ  Ο   
4.0 Bounce    ▲  ▲    Ο Ο ▲  ▲ 
  EASE OF USE-USER               
6.1 Movable with arms and legs Θ Θ Θ   Θ Θ  Θ Θ Ο Ο  Θ 
8.1 High mobility Θ Θ Θ Ο   Θ Θ Θ Θ     
4.0 Quiet           Ο    
  EASE OF USE-DEVICE               
4.0 Transportable by van Ο Θ Θ Θ  Θ ▲ Θ    ▲ Θ  
3.0 Low maintenance      ▲     Θ  Θ ▲ 
5.1 Little to no assembly      Ο     Ο ▲ Θ ▲ 
5.1 Light materials Θ         Θ  Ο Ο ▲ 
  AESTHETICS               
3.0 Quality materials  Ο    Ο      Ο Θ   
6.1 Looks good            Ο   
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       Relative Weight 6.9 8.1 8.1 6.7 6 7.6 8.1 9.3 4.4 11 5 5.5 5.9 6.9 
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Appendix C – List of Vendors 
McMaster-Carr 
 http://www.mcmaster.com 
 (630) 600-3600 
Online Metals 
 http://www.onlinemetals.com/ 
 800-704-2157 
Back Country 
 http://www.backcountry.com/ 
 800-409-4502 
Amazon 
 http://www.amazon.com/ 
Miner’s 
http://www.minershardware.com/ 
805-528-5255 
805-543-2191 
Beverly’s 
 http://www.beverlys.com/ 
805-543-6433 
Foothill Cyclery 
 http://foothillcyclery.com/ 
805-541 4101 
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Appendix D – DVP&R 
 
Item
No
Specification or 
Clause Reference
Test Description
Acceptance 
Criteria
Test 
Responsibility
Test 
Stage
NOTES
Quantity Type Start date Finish date Test Result Quantity Pass Quantity Fail
1 Weight Use scale to find weight less than 80 lbs Matt DV 1 B 5/4/11 5/29/11 47 lbs Y
2 Rated weight Place weight on seat and harness 300 lbs Doug CV 1 A 5/4/11 5/29/11  > 300 lbs Y
Width Measure 28-31 in Mike DV 1 B 5/4/11 5/29/11 28.75 in Y
3 Length Measure 32 in Doug CV 1 A 5/4/11 5/29/11 37-41 in N Length is acceptable
Turning radius Maneuver through hallways Able to maneuver Mike DV 3 B 5/4/11 5/29/11
20 in radius, 40 in 
hallways
Y
4 Tipping Tilt test
10 degree min 
(unloaded)
Doug CV 4 A 5/4/11 5/29/11
Forward - 27.5° 
Backward - 27° 
Side - 20°
Y
Tipping Tilt test
10 degree min 
(loaded)
Doug CV 4 A 5/4/11 5/29/11
Forward - 18.1° 
Backward - 18.3° 
Side - 14.6°
Y
5 Height adjustability Measure top and bottom height 10 in Mary CV 1 A 5/4/11 5/29/11 8.25 in N
John doesn't need 
full 10 in range
6
Force required to 
move device
Pull with spring scale until it moves 50 lbf Doug CV 1 A 5/4/11 5/29/11 1.5 - 3.4 lbf Y
7 Climb incline angle Pull with spring scale up incline 10 degrees min Mary PV 4 C 5/4/11 5/29/11 7 - 10 lbf Y
8 Ground clearance Measure 6 in Doug CV 1 A 5/4/11 5/29/11 10.75 in Y
9 Harness comfort Sit in harness until uncomfortable 2 hours Matt PV 1 C 5/4/11 5/29/11 30 minutes (max) N
Harness 
uncomfortable in 
crotch area
10 Time to transfer Simulate transfer to device 5 min Mary PV 3 C 5/4/11 5/29/11 5 - 10 min Y With practice
11
Brakes during 
transfer
Brakes lock and don't slide No sliding Mike CV 1 A 5/4/11 5/29/11
Slide on smooth 
surfaces
N
High density plastic 
wheels slide on 
smooth surfaces
12
Weight supported 
by strider 
 Use scale to determine how much 
weight is carried by device
50-100% Mike CV 1 A 5/4/11 5/29/11 50-100% Y
Not as convinient as 
we wanted
16 Product cost BOM 1500 Matt PV 1 C 5/4/11 5/29/11 ~$1200 Y
TEST PLAN TEST REPORT
SAMPLES 
TESTED
 TIMING TEST RESULTS
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Appendix E - Gantt Chart 
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Appendix F – Buckling/Bending Analysis 
EES BUCKLING ANALYSIS 
 
Blue indicates the size meets the criteria set by the critical moment of inertia. 
Critical Area Moment of Inertia due to 
buckling Ib = 0.0220 in4 
 
       
Thickness = 0.035 in h (in) b (in) 
OD 
(in) 
Ix Iy Io 
Run 1 0.75 0.75 0.5 0.0085 0.0085 0.0014 
Run 2 0.875 0.875 0.5625 0.0139 0.0139 0.0020 
Run 3 1 1 0.625 0.0210 0.0210 0.0028 
Run 4 1.125 1.125 0.6875 0.0303 0.0303 0.0038 
Run 5 1.25 1.25 0.75 0.0419 0.0419 0.0050 
Run 6 0.75 1.25 0.8125 0.0130 0.0290 0.0065 
Run 7 0.875 0.75 0.875 0.0123 0.0097 0.0082 
Run 8 1 0.875 0.9375 0.0190 0.0154 0.0101 
Run 9 1.125 1 1 0.0277 0.0230 0.0124 
Run 10 1.25 1.125 1.063 0.0387 0.0329 0.0149 
Run 11 0.75 1.125 1.125 0.0119 0.0225 0.0178 
Run 12 0.875 1.25 1.188 0.0185 0.0322 0.0211 
Run 13 1 0.75 1.25 0.0169 0.0108 0.0247 
Run 14 1.125 0.875 1.313 0.0251 0.0169 0.0287 
Run 15 1.25 1 1.375 0.0354 0.0251 0.0331 
Run 16 0.75 1 1.438 0.0108 0.0169 0.0379 
Run 17 0.875 1.125 1.5 0.0169 0.0251 0.0432 
Run 18 1 1.25 1.563 0.0251 0.0354 0.0490 
Run 19 1.125 0.75 1.625 0.0225 0.0119 0.0553 
Run 20 1.25 0.875 1.688 0.0322 0.0185 0.0621 
Run 21 0.75 0.875 1.75 0.0097 0.0123 0.0694 
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Run 22 0.875 1 1.813 0.0154 0.0190 0.0772 
Run 23 1 1.125 1.875 0.0230 0.0277 0.0857 
Run 24 1.125 1.25 1.938 0.0329 0.0387 0.0947 
Run 25 1.25 0.75 2 0.0290 0.0130 0.1043 
 
 
 
Thickness = 0.049 
in 
h (in) b (in) 
OD 
(in) 
Ix Iy Io 
Run 1 0.75 0.75 0.5 0.0113 0.0113 0.0018 
Run 2 0.875 0.875 0.5625 0.0185 0.0185 0.0026 
Run 3 1 1 0.625 0.0282 0.0282 0.0037 
Run 4 1.125 1.125 0.6875 0.0408 0.0408 0.0050 
Run 5 1.25 1.25 0.75 0.0567 0.0567 0.0067 
Run 6 0.75 1.25 0.8125 0.0173 0.0390 0.0086 
Run 7 0.875 0.75 0.875 0.0164 0.0128 0.0109 
Run 8 1 0.875 0.9375 0.0254 0.0206 0.0135 
Run 9 1.125 1 1 0.0372 0.0309 0.0166 
Run 10 1.25 1.125 1.063 0.0523 0.0443 0.0201 
Run 11 0.75 1.125 1.125 0.0158 0.0301 0.0240 
Run 12 0.875 1.25 1.188 0.0248 0.0434 0.0285 
Run 13 1 0.75 1.25 0.0226 0.0143 0.0334 
Run 14 1.125 0.875 1.313 0.0337 0.0227 0.0389 
Run 15 1.25 1 1.375 0.0478 0.0337 0.0449 
Run 16 0.75 1 1.438 0.0143 0.0226 0.0516 
Run 17 0.875 1.125 1.5 0.0227 0.0337 0.0589 
Run 18 1 1.25 1.563 0.0337 0.0478 0.0669 
Run 19 1.125 0.75 1.625 0.0301 0.0158 0.0754 
Run 20 1.25 0.875 1.688 0.0434 0.0248 0.0848 
Run 21 0.75 0.875 1.75 0.0128 0.0164 0.0948 
Run 22 0.875 1 1.813 0.0206 0.0254 0.1057 
Run 23 1 1.125 1.875 0.0309 0.0372 0.1172 
Run 24 1.125 1.25 1.938 0.0443 0.0523 0.1298 
Run 25 1.25 0.75 2 0.0390 0.0173 0.1430 
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Thickness = 0.065 
in 
h (in) b (in) 
OD 
(in) 
Ix Iy Io 
Run 1 0.75 0.75 0.5 0.0141 0.0141 0.0021 
Run 2 0.875 0.875 0.5625 0.0232 0.0232 0.0032 
Run 3 1 1 0.625 0.0356 0.0356 0.0045 
Run 4 1.125 1.125 0.6875 0.0518 0.0518 0.0062 
Run 5 1.25 1.25 0.75 0.0723 0.0723 0.0083 
Run 6 0.75 1.25 0.8125 0.0217 0.0495 0.0107 
Run 7 0.875 0.75 0.875 0.0205 0.0160 0.0137 
Run 8 1 0.875 0.9375 0.0320 0.0259 0.0171 
Run 9 1.125 1 1 0.0472 0.0392 0.0210 
Run 10 1.25 1.125 1.063 0.0666 0.0564 0.0255 
Run 11 0.75 1.125 1.125 0.0198 0.0381 0.0305 
Run 12 0.875 1.25 1.188 0.0312 0.0552 0.0363 
Run 13 1 0.75 1.25 0.0285 0.0179 0.0426 
Run 14 1.125 0.875 1.313 0.0427 0.0285 0.0498 
Run 15 1.25 1 1.375 0.0609 0.0427 0.0575 
Run 16 0.75 1 1.438 0.0179 0.0285 0.0662 
Run 17 0.875 1.125 1.5 0.0285 0.0427 0.0756 
Run 18 1 1.25 1.563 0.0427 0.0609 0.0860 
Run 19 1.125 0.75 1.625 0.0381 0.0198 0.0971 
Run 20 1.25 0.875 1.688 0.0552 0.0312 0.1093 
Run 21 0.75 0.875 1.75 0.0160 0.0205 0.1223 
Run 22 0.875 1 1.813 0.0259 0.0320 0.1365 
Run 23 1 1.125 1.875 0.0392 0.0472 0.1516 
Run 24 1.125 1.25 1.938 0.0564 0.0666 0.1679 
Run 25 1.25 0.75 2 0.0495 0.0217 0.1851 
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Thickness = 
0.125in 
h (in) b (in) 
OD 
(in) 
Ix Iy Io 
Run 1 0.75 0.75 0.5 0.0212 0.0212 0.0029 
Run 2 0.875 0.875 0.5625 0.0361 0.0361 0.0044 
Run 3 1 1 0.625 0.0570 0.0570 0.0065 
Run 4 1.125 1.125 0.6875 0.0846 0.0846 0.0092 
Run 5 1.25 1.25 0.75 0.1201 0.1201 0.0125 
Run 6 0.75 1.25 0.8125 0.0335 0.0804 0.0165 
Run 7 0.875 0.75 0.875 0.0317 0.0243 0.0213 
Run 8 1 0.875 0.9375 0.0509 0.0406 0.0270 
Run 9 1.125 1 1 0.0768 0.0630 0.0336 
Run 10 1.25 1.125 1.063 0.1102 0.0925 0.0412 
Run 11 0.75 1.125 1.125 0.0304 0.0611 0.0499 
Run 12 0.875 1.25 1.188 0.0494 0.0903 0.0598 
Run 13 1 0.75 1.25 0.0449 0.0273 0.0708 
Run 14 1.125 0.875 1.313 0.0689 0.0450 0.0832 
Run 15 1.25 1 1.375 0.1003 0.0690 0.0968 
Run 16 0.75 1 1.438 0.0273 0.0449 0.1121 
Run 17 0.875 1.125 1.5 0.0450 0.0689 0.1287 
Run 18 1 1.25 1.563 0.0690 0.1003 0.1471 
Run 19 1.125 0.75 1.625 0.0611 0.0304 0.1668 
Run 20 1.25 0.875 1.688 0.0903 0.0494 0.1886 
Run 21 0.75 0.875 1.75 0.0243 0.0317 0.2119 
Run 22 0.875 1 1.813 0.0406 0.0509 0.2374 
Run 23 1 1.125 1.875 0.0630 0.0768 0.2644 
Run 24 1.125 1.25 1.938 0.0925 0.1102 0.2939 
Run 25 1.25 0.75 2 0.0804 0.0335 0.3250 
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Thickness = 
0.1875 in 
h (in) b (in) 
OD 
(in) 
Ix Iy Io 
Run 1 0.75 0.75 0.5 0.0247 0.0247 0.0031 
Run 2 0.875 0.875 0.5625 0.0436 0.0436 0.0049 
Run 3 1 1 0.625 0.0706 0.0706 0.0073 
Run 4 1.125 1.125 0.6875 0.1071 0.1071 0.0105 
Run 5 1.25 1.25 0.75 0.1546 0.1546 0.0146 
Run 6 0.75 1.25 0.8125 0.0401 0.1011 0.0196 
Run 7 0.875 0.75 0.875 0.0380 0.0286 0.0257 
Run 8 1 0.875 0.9375 0.0627 0.0493 0.0330 
Run 9 1.125 1 1 0.0967 0.0785 0.0416 
Run 10 1.25 1.125 1.063 0.1412 0.1176 0.0517 
Run 11 0.75 1.125 1.125 0.0363 0.0758 0.0631 
Run 12 0.875 1.25 1.188 0.0607 0.1145 0.0763 
Run 13 1 0.75 1.25 0.0549 0.0324 0.0911 
Run 14 1.125 0.875 1.313 0.0862 0.0550 0.1079 
Run 15 1.25 1 1.375 0.1279 0.0864 0.1264 
Run 16 0.75 1 1.438 0.0324 0.0549 0.1472 
Run 17 0.875 1.125 1.5 0.0550 0.0862 0.1699 
Run 18 1 1.25 1.563 0.0864 0.1279 0.1952 
Run 19 1.125 0.75 1.625 0.0758 0.0363 0.2224 
Run 20 1.25 0.875 1.688 0.1145 0.0607 0.2526 
Run 21 0.75 0.875 1.75 0.0286 0.0380 0.2849 
Run 22 0.875 1 1.813 0.0493 0.0627 0.3205 
Run 23 1 1.125 1.875 0.0785 0.0967 0.3582 
Run 24 1.125 1.25 1.938 0.1176 0.1412 0.3995 
Run 25 1.25 0.75 2 0.1011 0.0401 0.4431 
 
 
 
 
 
 
 
 
 
 
 
 
81 
 
 
EES BENDING ANALYSIS 
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Blue indicates the size meets the criteria set by the yield strength of Aluminum. 
Yield Strength for Aluminum Tubing  30 - 40 ksi 
 
    
(ksi) 
Thickness = 0.035 in h (in) b (in) 
OD 
(in) 
σr,x σr,y σ0 
Run 1 0.75 0.75 0.5 131.60 131.60 269.80 
Run 2 0.875 0.875 0.5625 94.74 94.74 208.20 
Run 3 1 1 0.625 71.44 71.44 165.50 
Run 4 1.125 1.125 0.6875 55.79 55.79 134.70 
Run 5 1.25 1.25 0.75 44.76 44.76 111.70 
Run 6 0.75 1.25 0.8125 143.90 64.73 94.14 
Run 7 0.875 0.75 0.875 106.60 135.70 80.42 
Run 8 1 0.875 0.9375 79.12 97.41 69.49 
Run 9 1.125 1 1 61.03 73.26 60.64 
Run 10 1.25 1.125 1.063 48.51 57.08 53.38 
Run 11 0.75 1.125 1.125 141.70 75.17 47.35 
Run 12 0.875 1.25 1.188 101.40 58.24 42.29 
Run 13 1 0.75 1.25 88.65 139.00 38.00 
Run 14 1.125 0.875 1.313 67.37 99.60 34.33 
Run 15 1.25 1 1.375 52.93 74.79 31.16 
Run 16 0.75 1 1.438 139.00 88.65 28.42 
Run 17 0.875 1.125 1.5 99.60 67.37 26.02 
Run 18 1 1.25 1.563 74.79 52.93 23.91 
Run 19 1.125 0.75 1.625 75.17 141.70 22.05 
Run 20 1.25 0.875 1.688 58.24 101.40 20.40 
Run 21 0.75 0.875 1.75 135.70 106.60 18.92 
Run 22 0.875 1 1.813 97.41 79.12 17.60 
Run 23 1 1.125 1.875 73.26 61.03 16.42 
Run 24 1.125 1.25 1.938 57.08 48.51 15.35 
Run 25 1.25 0.75 2 64.73 143.90 14.38 
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(ksi) 
Thickness = 0.049 
in 
b (in) 
OD 
(in) 
σr,x σr,y σ0 
Run 1 0.75 0.5 99.49 99.49 210 
Run 2 0.875 0.5625 71.04 71.04 160.5 
Run 3 1 0.625 53.25 53.25 126.6 
Run 4 1.125 0.6875 41.38 41.38 102.3 
Run 5 1.25 0.75 33.08 33.08 84.45 
Run 6 1.25 0.8125 108.1 48.07 70.86 
Run 7 0.75 0.875 80.12 102.4 60.3 
Run 8 0.875 0.9375 59.06 72.93 51.94 
Run 9 1 1 45.32 54.54 45.2 
Run 10 1.125 1.063 35.88 42.3 39.65 
Run 11 1.125 1.125 106.6 56 35.13 
Run 12 1.25 1.188 75.76 43.18 31.28 
Run 13 0.75 1.25 66.29 104.7 28.08 
Run 14 0.875 1.313 50.1 74.48 25.3 
Run 15 1 1.375 39.19 55.61 22.96 
Run 16 1 1.438 104.7 66.29 20.89 
Run 17 1.125 1.5 74.48 50.1 19.12 
Run 18 1.25 1.563 55.61 39.19 17.54 
Run 19 0.75 1.625 56 106.6 16.16 
Run 20 0.875 1.688 43.18 75.76 14.93 
Run 21 0.875 1.75 102.4 80.12 13.85 
Run 22 1 1.813 72.93 59.06 12.86 
Run 23 1.125 1.875 54.54 45.32 11.99 
Run 24 1.25 1.938 42.3 35.88 11.2 
Run 25 0.75 2 48.07 108.1 10.49 
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(ksi) 
Thickness = 0.065 
in 
h (in) b (in) 
OD 
(in) 
σr,x σr,y σ0 
Run 1 0.75 0.75 0.5 80.05 80.05 174.6 
Run 2 0.875 0.875 0.5625 56.63 56.63 132 
Run 3 1 1 0.625 42.14 42.14 103.2 
Run 4 1.125 1.125 0.6875 32.57 32.57 82.84 
Run 5 1.25 1.25 0.75 25.93 25.93 67.95 
Run 6 0.75 1.25 0.8125 86.4 37.89 56.73 
Run 7 0.875 0.75 0.875 64 82.21 48.07 
Run 8 1 0.875 0.9375 46.82 58.03 41.24 
Run 9 1.125 1 1 35.73 43.1 35.77 
Run 10 1.25 1.125 1.063 28.15 33.26 31.29 
Run 11 0.75 1.125 1.125 85.27 44.3 27.65 
Run 12 0.875 1.25 1.188 60.11 33.97 24.56 
Run 13 1 0.75 1.25 52.67 83.9 22.01 
Run 14 1.125 0.875 1.313 39.55 59.17 19.79 
Run 15 1.25 1 1.375 30.79 43.9 17.93 
Run 16 0.75 1 1.438 83.9 52.67 16.29 
Run 17 0.875 1.125 1.5 59.17 39.55 14.88 
Run 18 1 1.25 1.563 43.9 30.79 13.64 
Run 19 1.125 0.75 1.625 44.3 85.27 12.55 
Run 20 1.25 0.875 1.688 33.97 60.11 11.58 
Run 21 0.75 0.875 1.75 82.21 64 10.73 
Run 22 0.875 1 1.813 58.03 46.82 9.96 
Run 23 1 1.125 1.875 43.1 35.73 9.279 
Run 24 1.125 1.25 1.938 33.26 28.15 8.656 
Run 25 1.25 0.75 2 37.89 86.4 8.102 
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(ksi) 
Thickness = 0.125 
in 
b (in) 
OD 
(in) 
σr,x 
(ksi) 
σr,y 
(ksi) 
σ 
(ksi) 
Run 1 0.75 0.5 53.17 53.17 130.4 
Run 2 0.875 0.5625 36.32 36.32 94.89 
Run 3 1 0.625 26.33 26.33 71.9 
Run 4 1.125 0.6875 19.94 19.94 56.24 
Run 5 1.25 0.75 15.61 15.61 45.13 
Run 6 1.25 0.8125 55.92 23.32 36.98 
Run 7 0.75 0.875 41.41 54.12 30.83 
Run 8 0.875 0.9375 29.44 36.97 26.09 
Run 9 1 1 21.98 26.79 22.35 
Run 10 1.125 1.063 17.02 20.27 19.34 
Run 11 1.125 1.125 55.44 27.63 16.92 
Run 12 1.25 1.188 37.93 20.76 14.91 
Run 13 0.75 1.25 33.39 54.86 13.25 
Run 14 0.875 1.313 24.48 37.5 11.83 
Run 15 1 1.375 18.7 27.17 10.65 
Run 16 1 1.438 54.86 33.39 9.619 
Run 17 1.125 1.5 37.5 24.48 8.744 
Run 18 1.25 1.563 27.17 18.7 7.971 
Run 19 0.75 1.625 27.63 55.44 7.306 
Run 20 0.875 1.688 20.76 37.93 6.711 
Run 21 0.875 1.75 54.12 41.41 6.195 
Run 22 1 1.813 36.97 29.44 5.728 
Run 23 1.125 1.875 26.79 21.98 5.318 
Run 24 1.25 1.938 20.27 17.02 4.945 
Run 25 0.75 2 23.32 55.92 4.615 
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(ksi) 
Thickness = 
0.1875 in 
h (in) b (in) 
OD 
(in) 
σr,x σr,y σ0 
Run 1 0.75 0.75 0.5 45.51 45.51 122.7 
Run 2 0.875 0.875 0.5625 30.08 30.08 86.92 
Run 3 1 1 0.625 21.24 21.24 64.23 
Run 4 1.125 1.125 0.6875 15.75 15.75 49.12 
Run 5 1.25 1.25 0.75 12.13 12.13 38.63 
Run 6 0.75 1.25 0.8125 46.76 18.54 31.1 
Run 7 0.875 0.75 0.875 34.57 45.95 25.53 
Run 8 1 0.875 0.9375 23.91 30.42 21.3 
Run 9 1.125 1 1 17.45 21.5 18.03 
Run 10 1.25 1.125 1.063 13.28 15.95 15.43 
Run 11 0.75 1.125 1.125 46.55 22.26 13.37 
Run 12 0.875 1.25 1.188 30.91 16.38 11.67 
Run 13 1 0.75 1.25 27.34 46.28 10.29 
Run 14 1.125 0.875 1.313 19.57 30.69 9.127 
Run 15 1.25 1 1.375 14.66 21.71 8.16 
Run 16 0.75 1 1.438 46.28 27.34 7.326 
Run 17 0.875 1.125 1.5 30.69 19.57 6.622 
Run 18 1 1.25 1.563 21.71 14.66 6.006 
Run 19 1.125 0.75 1.625 22.26 46.55 5.479 
Run 20 1.25 0.875 1.688 16.38 30.91 5.011 
Run 21 0.75 0.875 1.75 45.95 34.57 4.606 
Run 22 0.875 1 1.813 30.42 23.91 4.243 
Run 23 1 1.125 1.875 21.5 17.45 3.926 
Run 24 1.125 1.25 1.938 15.95 13.28 3.638 
Run 25 1.25 0.75 2 18.54 46.76 3.385 
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Appendix G – Transfer Seat Analysis 
 
Transfer seat structural analysis 
"Bending of seat cross piece when down" 
sigma=(M*c)/I "bending stress equation" 
 
M=4200 "maximum moment with SF=2" 
 
"Round tubing" 
D_i=D_o-2*t "Dimensions of round tubes" 
c=D_o/2  
I=(pi/64)*(D_O^2-D_I^2) "Area of inertia of round tube" 
 
 
"Square Tubing" 
H_o=1 "outer height" 
B_o=1 "outer base" 
t=.125 "wall thickness" 
c=H_o/2   
I=(1/12)*(B_o*H_o^3-B_i*H_i^3) "Area of inertia of square tubing" 
H_i=H_o-2*t "inner height" 
B_i=B_o-2*t      "inner base" 
Results 
Rectangular Tubing Selection 
B_o H_o t sigma 
1 1 0.125 36864 
1 1.5 0.125 19789 
1 2 0.125 12662 
1.5 1 0.125 25908 
2 1 0.125 19973 
 
Round Tubing Selection 
D_o t sigma 
0.875 0.12 103293 
1 0.12 101280 
1.5 0.12 96877 
1.315 0.133 89464 
1.66 0.14 83431 
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1.9 0.145 79854 
1 0.25 57041 
1.25 0.25 53476 
1.5 0.25 51337 
2 0.25 48892 
 
 
"Pin bearing and shear analysis" 
 
tau=F/A 
 
A=(pi/4)*D^2 
F=75*2  "with SF=2" 
 
"bearing stress" 
 
sigma=F/(t*D) "bending stress" 
 
t=.049 "thickness" 
 
"pin analysis - direct shear" 
 
F_ds=F*2 "double shear force" 
tau_ds=(4*F_ds)/(3*A)    "shear stress" 
Pin shear and bending analysis 
D sigma tau tau_ds 
0.1875 16327 5432 14487 
0.25 12245 3056 8149 
0.3125 9796 1956 5215 
0.375 8163 1358 3622 
0.5 6122 763.9 2037 
 
 
"Bending of arms in up position" 
“using the same tubing as the base” 
sigma=(m*c)/I "bending stress equation" 
 
M=120 "maximum moment with SF=2" 
 
H_o=1 "outer height" 
B_o=1 "outer base" 
t=0.125 "wall thickness" 
c=H_o/2  
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I=(1/12)*(B_o*H_o^3-B_i*H_i^3) "Area of inertia of square tubing" 
H_i=H_o-2*t "inner height" 
B_i=B_o-2*t "inner base" 
 
Results sigma=1.0 kpsi 
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Appendix H – Chest Pad Analysis 
 
 
The horizontal inner telescoping member receives primarily an axial load. The maximum expected load is 50 lbs. With a safety factor 
of 2, the member was analyzed to prevent buckling from a 100 lb pure axial load. A fixed-free end condition was assumed so C=1/4. 
    
     
  
 
Solving for I: 
  
    
 
    
 
  
          
                  
 
               
As expected, due to the short length buckling would not occur in box tubing of any small size. 3/4" x 3/4" x 1/16” tubing was 
selected because it nests within 1" x 1" x 1/16” tubing with a 1/8” clearance. 
The vertical inner telescoping member was analyzed as a cantilever beam with a transverse load of 100 lbs at a distance of 6.5 inches 
when fully extended. Thus the maximum moment in the beam is 650 in-lb. To determine the maximum normal stress in the 
member: 
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The member is assumed to be 3/4" x 3/4" x 1/16” 6063 T52 aluminum tubing so c, the maximum distance from the neutral axis, is 
0.375” and I = 0.03448 in4. 
  
                 
           
 
           
The yield strength of 6063 T52 aluminum is at least 16,000 psi so the member will not fail in bending.  
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Appendix I – Solidworks Drawings 
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